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SUMMARY 
District Organization and Finance 
T HE need for drainage in Utah was widely recognized before 1900, resulting in passa ae of a drainage district law in 1896 and provision 
for cooperative drainage research beginning in 1904. The drainage 
district laws, developed and improved during the half,century endina 
1948, have served as the major basis for drainage organization in the 
state. 
Thirty'nine drainaae districts were organized, mainly during and 
following W orld W ar I , to drain about 206,000 acres. Drains were in ' 
stalled in 32 districts to serve 153,907 acres. About 100,000 acres were 
successfully drained. T wo districts dissolved, nine became inactive, 
twenty'one are now actively fun ctioning. 
The lack of assistance of trained technicians has been a limitina 
factor in the effi cient functioning of drainage districts . 
The district revenue system rests on the authority to tax district 
lands, and to enforc'e taxation by foreclosing and acquiring tax,delin ' 
quent land by auditor 's tax deed. R evenues may be obtained from taxes 
and from the sale of tax,deed land . N early all districts found it neces' 
sary to acquire some lands for nonpayment of. taxes. 
During the late 1920's and 1930's the courts decided a number of 
cases dealing with the liability of landowners for district obligations, 
and the priority of general versus special taxes and other obligations as 
liens upon the land. 
Capital financing was carried on by means of bond issues, tax 
anticipation warrants, use of tax revenues as they became available, 
and temporary bank loans. Twenty,three districts, including all those 
that installed tile drains, issued bonds. Eight districts, including all but 
one having only open drains, financed with temporary loans and year 
to year tax revenues. 
M ost districts that bonded issued 20'year serial bonds bearing 6 
to 7 percent interest, with principal payments the last 15 years of the 
bonding period. 
The principal factors affectina the ability and willingness of land, 
owners to pay drainage taxes were : (1) type of farming- general 
farm crops and moderate income in most drained areas; (2) general 
price level ; (3) tax rate and the amount of the tax bill ; (4) . quality of 
the soil and quantity and quality of irrigation w ater ; and (5) the bene' 
fits received from the drains. 
U p to the late 1920's strenuous effort was made and notable success 
achieved by most districts in meeting their financial obligations. 
5 
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During the depression beginning in 1929, all drainage districts en' 
countered extreme financial difficulties. Of the 23 districts that issued 
bonds, 7 failed and defaulted on their bonds; 8 liquidated at a fractional 
part of the outstanding debts, and 6 refinanced , receiving substantial 
write,offs on bonds. Only 2 districts paid out in full. 
Drainage Systenls and Land Reclamation 
The major man,made factors in the development of the need for 
drainage are (1) canal seepage losses, and (2) over,irrigation owing to 
lack of land leveling inadequate water,control structures, failure to 
measure water, inefficient methods. and carel.essness in water applica, 
tion. 
Minimum slopes used in the design of closed drainage systems 
were less than those recommended and used by Utah drainag enai, 
neers at the present time. 
Tar paper was the principal material used on ,the closed drains to 
1 rotect the joints from the entrance of soil. 
W idely,spaced openings at the closed, drain tile joints appea r to 
be the major fault in the construction work. 
The primary operation and maintenance difficulties with closed 
drains have been caused by: silting of drains, plant roots growing in 
the tile, wash,ins, and man,made obstructions to divert water. Equip, 
ment and methods used to maintain closed drains have been in ' 
adequate. 
The primary operation and maintenance difficulties with open 
drains are caused by moss, cattails, tumbleweeds , and other types of 
vegetation; bank erosion caused by rain, wind, and frost , ground,water 
inflow; and unstable soil conditions causing banks to cave. 
Operations and maintenance work in most of the districts for both 
closed and open drains has been neglected entirely, or poorly planned 
and only partly accomplished. 
ACTIVITIES AND NEEDS OF UTAH 
DRAINAGE DISTRICTS1 
J. Howard Maughan ~ 
Orson w. Israelsen:l 
Eldon G. Hanson4 
INTRODUCTION 
U TAH'S drainage districts were organized as a result of urgent need. In many counties, the need for dr"ainage was well 
recogniz.ed for several years prior to the enactment of state laws pr vid , 
ing for drainage districts. 5 This bulletin constitutes a report of a two ' 
year state,wide study of accomplishments in construction and main ' 
tenance of drainage systems and organization and financing problems of 
Utah drainage districts. A corresponding study of Utah irriga tion 
companies, covering their activities, accomplishments, and needs, \ as 
completed in 1946 (6). 
Drainage of agricultural land is a world,wide practice. European 
countries, largely in humid climates, have practiced drainage for cen ' 
turies. As early as 400 B. C ., Greek historians wrote about land 
drainage by the Egyptians in the Nile Valley. The development of drain 
tile in England during the year 1810, together with its use in the 
United States, beginning in 1835, has greatly facilitated progress in 
drainage . More than one,hundred years have passed since John John' 
son completed installation of 16 miles of tile drains for his 300'acre 
N ew York state farm . A machine for making drain tile was developed 
in England in 1843 and first used in the United States in 1848. 
The benefits of drainage are numerous- not only to agricultural 
production, but also to the general public. Some of the noteworthy 
benefits to agriculture include : lengthening of the growing season by 
facilitating early plowing and planting; increasing the depth of the soil , 
l Report on project 256, - Purnell, State, completed in cooperation with the 
Division of Irri gation , Soil Conservation Service, U. S. Department of 
Agriculture, entitled, "The activities, accomplishments, and needs of Utah 
drainage districts and irrigation companies in relation to the draina ge and 
reclamation of irrigated lands." 
2Irrigation economist, Division of Irrigation, Soil Conservation Service. 
3Research professor of irrigation and drainage, Utah Agricultural Experiment Sta, 
tion; and collaborator, U. S. Department of Agriculture. . 
4Formerly field engineer, Utah Department of Publicity and Industrial Develop' 
ment, at present, draina ge engineer, Soil Conservation Service and re' 
search assistant professor, Utah Agricultural Experiment Station. 
5Where drainage .is referred to in this publication, land drainage primarily for 
agricultural purposes is implied as distinguished from other types of drain ' 
<l:ge ; e.g ., drainage especially for highways, for foundations, etc. 
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root zone by lowering the water table; providing essential S9il aeration ; 
increasin a available plant food and decreasing soil erosion . These 
benefits apply in both humid and arid regions. Of vital importance, 
however, to Utah , and to other arid-region states, is one additional 
benefit ; i.e., the leaching of the excess sa lts, commonly called alkali , 
out of the soil. 
A gronomists are agreed that soils having more than 0.2 percent 
soluble salts do not produce crops satisfactorily. M ore recently tabu-
lated U tah soil surveys covering 1,41 6,957 acres, indicate that 617,459 
acres, or 43.6 percent , have more than 0.2 percent of salts. The fact 
that nearly half of Utah 's surveyed lands need drainage to reduce 
excess salt content is of vital importance to the future of agriculture 
in the sta teo 
Purpose of Study 
These studies of the activities and needs of drainage districts in Utah 
were made to facilitate more intelligent and successful procedure in 
Utah 's future drainage activities. 
Increased production of farm crops and livestock can be provided 
in part by the drainage and reclamation of waterlogged lands. The 
numerous inquiries submitted by Utah landowners, acting individually 
and in groups, requesting public research and educational agencies for 
reliable information concerning drainage methods and organizations 
fully verify the wide recognition of the need. 
Land drainage usually requires group action . For small isolated 
farms, or for large tracts owned by corporate agencies, drainage ca n be 
provided without group authority and group financial support. For 
the drainage of Utah's large tracts of wet lands, group action has been, 
and promises to continue to be, the principal procedure. 
Drainage districts have been organized by groups of landowners 
to facilitate financing, construction, and maintenance of drainage sys-
tems. H owever , many years of activity as Utah 's principal group 
agency fo r land drainage have not yet demonstrated that the drainage 
district is either essential for, or adequate and efficient in , the drainage 
of Utah 's wet lands. 
Objectives 
The major objective of the studies reported herein has been to find 
the extent to w hich , and the conditions under which , Utah drainage 
districts have succeeded in providing adequate and effi cient financing, 
construction, operation and maintenance of drainage facilities. An 
objective of equal importance has been to examine the methods of 
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design construction, and maintenance of drainage systems that con-
tribute most to the successful solution of drainage problems. 
Subject Matter 
The bulletin includes five major sections: • 
(1) Drainage needs of farm land in Utah are presented first to 
facilitate an understanding of the causes, early recognition, and extent 
of the need for drainage; 
(2) Drainage organization, deals briefly with the Utah drainage 
district law, organization and the number and status of districts; 
(3) Financing Utah drainage districts, presents a discussion of 
distrjct revenue systems; available revenues, and costs and debt re ' 
tirement for districts; 
( 4) Design, construction, operation and maintenance of drainage 
systems, deals with practical aspects of construction as encountered by 
the districts, together with operation and maintenance practices and 
problems ; 
(5) Reclamation of land, presents the results of drainage in re' 
claimed and unreclaimed land within drainage districts. 
Sources of Infonnation and Investigation Procedures 
D ata on institutional and economic aspects were obtained principally 
by working with records of drainage districts in county and drainage 
district offices. Data on engineering and reclamation were developed 
by field inspections of drainage systems and of lanp and ground , 
water conditions in the districts. Drainage engineers who participated 
in the installation of drainage systems were consulted and their file 
studied. For institutional,economic and engineering'reclamation divi , 
sions drainage leaders supplied much valuable information. 
A detailed field data sheet was prepared for each drainage district 
that installed drains. On this sheet information was recorded about 
district organization and financing, together with the design, construc' 
tion operation and maintenance of drainage systems and reclamation 
f land. 
Acknow ledgment 
The authors express their appreciation for the cooperation of the Utah 
drainage districts, the county officials, and county aaents from whom 
many of the data for this bulletin were obtained. 
Special acknowledgment is made to the leaders of the various insti , 
tutions sponsoring the investigation- George D. Clyde, chief, Division 
of Irrigation, Soil Conservation Service; Dr. R . H . W alker, director, 
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Utah Agricultural Experiment Station; Ora Bundy (deceased) and 
Arthur L. Crawford, Utah State Department of Publicity and In~ 
dustrial Development. Each has shown genuine interest and under~ 
standing during the survey of the drainage districts. 
Credit is given to Sumner G. Margetts and A. Z . Richards, drain ~ 
age engineers for many of the Utah drainage districts, for their co~ 
operation in providing data and in making their files available for ' study. 
Wells A. Hutchins, Paul A. Ewing, and W. W. M cLaughlin, of 
the Division of Irrigation, U. S. Soil Conservation Service, Berkeley, 
California, examined the manuscript and made many helpful sugges, 
tions. T . B. Chambers, chief, Engineering Division, U. S. Soil Con~ 
servation Service, and members of his staff also read the manuscript and 
made helpful suggestions. 
THE DRAINAGE NEEDS OF FARM LANDS IN UTAH· 
T HE need for drainage of agricultural land in Utah is the result of both natural and man,made conditions. When the pioneers 
settled here they found extensive low,land meadows in some valleys. 
These natural meadows were perpetuated by precipitation and water 
losses from creeks and rivers (5). 
When irrigation was begun, the water taken from the streams was 
spread upon the higher lands between the valley margin and the low, 
lands. The many canals that were constructed in sandy and gravelly 
materials to convey water from mountain streams to the farms are 
prime factors in augmenting deep seepage ~into the soils and to the 
artesian aquifers. Great volumes of water- in some canals 40 to 50 
percent of the volumes diverted from streams- are thus lost each year 
in conveyance to farm lands (3) . 
Again, in irrigation on the farms, excessive amounts of water are 
wasted because it is difficult to spread water uniformly. Thus, over' 
irrigation on parts of the land results in deep percolation into the 
ground'water basins (7). 
Water from both these sources has augmented the natural ground 
water thus causing a high~water table to move upward gradually from 
the natural low, land meadows to the higher farming lands. The extent 
of this encroachment of high'water table onto farm lands is indicated 
roughly in the following section which gives estimates of the drainage 
needs of the state. The acreages given include mainly lands that are 
above the natural meadows. Most of these lands were once cultivated 
but later abandoned because of encroachment of high~water tables "and 
the accumulation of excess salts, resulting from irrigation. 
Other causes of waterlogging of Utah lands and the need for 
drainage are described briefly herewith. 
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Causes of Waterlogging 
Water Supply Increase 
In areas of established Irngation the development of increased 
water supplies has resulted in extension of the irrigated area and also 
in the use of increased water supplies on presently irrigated land. In 
many instances such irriga tion extensions have resulted in a rising water 
table. Similarly, in cycles of high precipitation, the effects of added 
water have soon been apparent .in the development of ground,water 
problems. 
A wet cycle occurred from 1905 to 1928; a dry cycle from 1929 
to about 1935 , followed by a moderately wet cycle which has continued 
to the present time. Thirty,two of the 39 drainage districts organized 
in the state, were form ed between 1914 and 1922, or during the peak 
years of the earlier wet cycle. 
Seepage of Ground Water from Higher Land 
In irrigated areas having an irregular topography, the ground , 
water surface in the steeper areas has a greater slope than in the more 
level areas. Since the rate of percolation of free ground water varies 
with the slope of the water table, the velocity of the ground water 
flow decreases as it moves from the steeper land to the more level land 
and the water table in the lower areas tends to rise (8). 
Soils in Lower Areas Having Low Permeability 
Where low,lying land has soil of lower permeability than that of 
the adjacent higher land, the velocity of the ground water moving from 
the higher land is decreased, causing a rise of the water table. This 
condition has been observed where the soil profile has gradually 
changed from a sandy soil in the higher land to a clay soil in the low , 
land. 
Early Recognition of the Need for Drainage 
The need for drainage in connection with irrigation in U tah was 
recognized as urgent before the turn of the century. The problem of 
the rising water table ca used wide concern in a number of counties and 
soon after 1900 the fi rst drainage organiza tions were form ed to deal 
with this problem. 
Early Drainage Research 
During the season of 1904 the Office of Irrigation and Drainage 
Investigations of the U. S. Department of A griculture began a study 
of drainage requirements in Utah. 
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In 1905 the pressing nature of irrigation and drainage problem 
was recognized by the Utah Legislature in the passage of a bill provid~ 
ing for the "Investigation and use of irrigation water and the reclama~ 
tion of alkali lands." A fund of $10,000 was provided to the Utah 
Agricultural Experiment Station to match a similar fund to be supplied 
by the U. S. Department of Agriculture. 
The drainage research thus provided was conducted in a number 
of counties. Preliminary surveys showed that rising water tabks were 
common in many areas with resultant abandonment of land' for cul~ 
tivated crop production in some instances. Studies made in the counties 
of Box Elder, Cache, Emery, Sevier, and Washington showed that ex' 
tensive areas of previously~cultivated land had reverted to pasture be' 
cause of the rising water table (9). 
Beginning of Drainage 
Exam pIes of early efforts to drain the waterlogged land are re ~ 
corded in two instances in connection with investigations by the Experi, 
ment Station and Office of Irrigation and Drainage Investigation 
during 1904,1906. The first of these was in the Hyde Park area where 
three farmers were assisted in the drainacre of 30 acres. Concerning the 
results obtained, the report states: 
The fields represented on the plat are thoroughly drained . . . 
Fifty bushels of wheat and 100 bushels of oats per acre have been 
grown upon such portions as were plowed, and 18 tons or more of 
beets were grown in 1906 .upon all the land planted to this crop, 
which was about 25 acres. A further effect of the drains is the im' 
provement of the wet land adjoining the drained fields on the lower 
side. 
The second exam pIe is a 40,acre tract near Huntington Emery 
County, drained by the installation of box drains. The results of this 
experiment at first were not so encouraging as those at Hyde Park, but 
with revisions the drains ,soon functioned well. Report of the project 
states: 
As far as drainage itself goe , the experiment has been success' 
fully concluded, and complete restoration to the former productive 
state is dependent only on proper subsequent treatment. Care and 
attention are all that is now wanted to make thi one,time eyesore 
as good as it was at its best. 
From these early experiments with drainage, much valuable infor' 
mation was obtained which in the years that followed was available to 
leaders in connection with the installation of drainage systems in many 
parts of the state. 
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The Further Need of Drainage 
The expanding need for agricultural production to meet the re-
quirements of increasing population presents a. growing demand for 
reclamation of farm land, both by irrigation of dry areas and by drain-
age of wet lands. 
Lands of Utah having a high water table susceptible of reclama-
tion by drainage are located principally in thirteen counties. The 
areas drained at present include about 100,000 acres in organized 
drainage districts and about 30,000 acres drained by small unorganized 
groups and individual farmers . 
A reas P roposed for D rainage 
The advancement made in drainage methods and techniques dur-
ing nearly half a century since drainage began in Utah has been truly 
impressive. The present promise of further increasing the drained area 
of the state lies principally in utilizing recent improvements in drainage 
system design, construction and maintenance, and in the use of 
drainage water of satisfactory quality for irrigation purposes. 
No effort is here made to estimate the needs for drainage that 
may result from possible future irrigation developments involving 
major transbasin water diversions such as the prop.osed Central Utah 
Table 1. Farm lands in Utah that have been drained 
and for which drainage is proposed*· 
1. 2. 3. 4. 
Farm land 
County Within drain- Without organ- proposed for 
age district iz.ed district drainage 
acres acres acres 
Box Elder ....... ..... 12,600 4,000 9,000 
Cache ..... ...... ....... 11 ,520 2,000 17,400 
Davis ...... . .. _-_ .... _- 800 10,500 17,500 
Duchesne 
--.- -. ---._- 0 160· 9,000 
Emery _ .. . . . -_---_ . .. _. 510 0 8,000 
Millard ....... ------ .. . 50,000 3,000 0 
Salt Lake -_.- ........ 0 0 10,300 
Sanpete . . . _-- -- --- _.- 2,770 2,000 1,500 
Sevier --- ---_ . . _ . ... _--- 10,600 1,000 3,500 
Utah . . __ .... . . __ ... _-- _. 11 ,430 2, 500 13 ,800 
Wasatch 0 100 2,200 
Washington 0 1,000 2,000 
Weber ........... ....... 0 3000 22,000 
Total . ... _-- --- -- 100,230 29 ,260 116,200 
:;:Ba ed on estimates by county agricultural agents and drainage 
counties. 
5. 
Ultimate 
drainage 
area 
acres 
25,600 
30,920 
28,800 
9, 160 
8,510 
53 ,000 
10,300 
6,270 
15 , 100 
27 ,73 0 
2,300 
3,000 
25,000 
245 690 
leaders, by 
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Project. Increased drainage of farm lands will perhaps be required in 
connection with such developments. The estimates here presented are 
concerned with the drainage needs in connection with present and pro' 
jected irrigation within existing basins. Estimates were not available 
for a number of counties where some drainage appears to be needed 
and no acreage for these counties is included (table 1) . 
The data presented in column 4 of table 1 are of particular in' 
terest, even though the areas presented are estimated only. It is note' 
worthy that each of five Utah counties has more than 10,000 acres of 
land in need of immediate drainage, and that one of these counties has 
in excess of 20,000 acres. 
DRAINAGE ORGANIZATION 
T HE first drainage district law was enacted in 1896, and was amended a number of times in the years following its enactment. 
However, for ·nearly 20 years the organization of drainage district 
proceeded slowly. 
In 1913 the law was repealed and reenacted with extensive 
changes. This law, with numerous amendments since enacted, ha 
served as the basis for drainage district organization in Utah. 6 
Objectives of Organization 
Two principal purposes lie back of drainage organization, namely: 
(1) to consolidate into one drainage agency the lands of a unit area in 
need of drainage and contributing to that need, and (2) to provide the 
authority and the procedure, and to assign the responsibility for the de' 
sign, financing, construction, and maintenance of drainage systems. 
Utah Drainage Districts 
Quasi-public Agency 
According to the drainage law of 1913 noteworthy powers of a 
drainage district include the following: (1) The power to include in 
the district all lands to be benefited by the drainage system. This is a 
far'reaching power. It tends to give strength to the district and to pro ' 
mote equity in its dealings with landowners. (2) The power to tax 
lands of the district and enforce tax collections. This power carrie 
the authority to foreclose on tax,delinquent land and sell it with an 
auditor's deed to satisfy the tax delinquency if necessary. 
The district is thus a quasi,public agency having legal authority 
to carry out all the functions and activities pertaining to drainage of 
6Utah draina ge district law- Utah code an notated 194 3, Title 24A, amended 
in 1947 . 
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farm land including financing, design and installation of drains , and 
their operation and maintenance. 
How a Drainage District is Organized 
The procedure for organizing a drainage district is set forth in 
the drainage district law. There must be a need for drainage in the 
area proposed for the district, and it must be shown that the benefits 
to the included lands will exceed the costs; the desires of a majority 
of the landowners to participate must be expressed ; the specified or' 
ganizing procedure must be carried out, and the board of county 
commissioners must sanction and confirm the district as an organized 
entity. Land ownership within a drainage district is the requirement 
for membership and participation in district activities. 
Competent legal and engineering direction is essential to the 
efficient organization and planning of a drainage district and drainage 
system. Likewise, in the financing, design, construction and opera' 
tional phases which follow, technically trained leadership is needed 
and may be indispensible. 
The first responsibility of a district is to determine the require' 
ments for drainage. This is usually accomplished with the assistance 
of a drainage engineer who makes the surveys, and acts as consultant 
to the district board. The need for finances is felt as soon as the dis-
trict is organized and the usual procedure is to set up a program of 
district taxation. 
When a district has bee~ organized, its taxing procedure set in 
operation, its capital financing provided, and its drainage system in' 
stalled, it becomes a going concern. From this point on, the problems 
relate to management operation'maintenance, and the discharging of 
financial obligations. 
The Board of Supervisors-Their Appointment, 
Authority, and Responsibilites 
In Utah a board of three supervisors constitutes the governing 
body of the drainage district and carries the full responsibility for all 
of the district affairs. Supervisors are appointed by the county com -
missioners, usually upon nomination of the district membership either 
by action at the annual meeting of landowners or by a petition signed 
by the landowners. In case there is more than one petition recommend-
ing persons for supervisor, the person receiving the greatest number of 
signatures is usually appointed by the commissioners. The supervisors 
elect from their number a president, secretary, and treasurer. In some 
instances the secretary and treasurer are combined in one office. 
When the first board of supervisors is appointed, one member is 
designated to act for three years, one for two years, and one for one 
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year. The law provides that thereafter, one supervisor be appointed 
each year for a three,year term . 
It is the responsibility of the district supervisors to look after all 
of the affairs of the district. This has often proved to be a heavy load 
for men untrained in the technical problems involved in drainage 
district financing and in the design, construction, operation , and main ' 
tenance of drainage systems. 
The supervisors must ascertain the needs for drainage in the area 
and determine the nature, extent, and probable cost of a drainage 
system designed to meet those needs. It is also their responsibility 
to provide capital financing for the installation of the drainage sys' 
tern, usually involving the issue and sale of district bonds ; and to set 
up an equitable taxing system under the law to provide adequate and 
dependable finances to meet the annual revenue requirements of the 
enterprise. This done, and the drainage system in operation, they are 
expected to keep the system in effici ent operating condition. 
The ability and willingness of supervisors to serve the district 
may well determine the success or failure of the enterprise. It is a 
notable fact in Utah drainage districts that in aU cases, the districts that 
have achieved outstanding success, have had some outstanding leaders. 
Great service has been rendered by unselfish, capable farm leaders and 
capable leadership is the prime requisite for a successful drainage 
district enterprise. 
Relations with County Officers-The County 
Commissioner, Treasurer, and Assessor 
In Utah the drainage district is under the general superVlSlon of 
the county commissioners. In the organization of the district the com' 
missioners have usually rendered a capable service, but in too many 
instances their service has largely ended at this point. 
The Utah drainage law requires that districts make regular annual 
reports and where necessary, special reports to the county commission' 
ers, filing copies with the county clerk. In many cases the records in 
county offices are incomplete. It is admitted by supervisors of some 
districts "that long ago they ceased to file reports because "nobody 
seemed to be interested in them." 
The law provides that the county commissioners shall annually 
appoint one supervisor in each district. In practice, however, it has 
not been uncommon for the commissioners to wait for the district to 
initiate action and where this is not done, years of time may elapse 
without the regular legally, required appointments being made. 
It is the responsibility of the county commissioners to consider, 
and if it be acceptable, to approve the annual assessment roll. This 
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seems to have been a regularly'established practice for most drainage 
districts, but there are instances where the district by'passed the county 
offices , making its assessments direct to the landowners and collecting 
the funds directly from them. 
Assistance in finance and in other district affairs by some disinter-
ested agency might be beneficial. For example, during the 1930's when 
refinancing of districts was widely obtained under the Reconstruction 
Finance Corporation, because of this assistance and of the require-
ments and regular inspection of this agency, the record keeping of 
many districts was notably improved. Similarly, in many instances, 
drainage systems were renovated, improved, and brought into better 
condition, and attention to maintenance requirements was systematized. 
The county assessor and county treasurer have rendered valuable 
service to districts in matters of taxation and tax revenues. From the 
record, it is concluded that these officers have performed the same 
services for drainage districts as for the counties that they served. 
Number, Status, and Functioning of Drainage Districts 
A total of 39 districts were organized during the p~riod 1914 through 
. I 
1942, most of these being created during or soon after World War 1. 
Only two new districts, with small land areas, have been established 
since 1928 ; and two other drainage enterprises, established years be-
fore , were reorganized as drainage districts- thus making four new 
districts in a period of 20 years. 
A total area of 205,661 acres was included in the 39 organized 
drainage distncts (table 2). Drains were installed in 32 districts con' 
taining 153,807 acres, of which about 100,000 acres, or a little less 
than one,half, the area included in the districts, is now producing 
cultiva ted crops. Seven districts , after being organized, failed to in ' 
stall drainage systems. Two districts that organized and installed 
drains were later dissolved, and nine districts with their installed drains 
were allowed to become inactive. Twenty,one distriets are now 
actively maintaining drains. 
This record represents a notable accomplishment in the drainage 
of farm land. Seventeen of the 21 active districts have had consistent 
operating records of more than 25 yea rs. 
The area of cultivated land served by these districts (about 
100,000 acres) represents some of the most productive cropland in the 
principal irrigated counties of the state. Further, without the drainage 
systems, much of this land would have been lost to cultivation and, in 
all probability, would now be producing vegetation of low value. 
While there were many drainage failures, this record gives promise of 
what may be accomplished in the field of reclammation by drainage. 
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2 
County District 
Box Elder .... Corinne 
Elwood 
Cache .......... East Lewiston 
D. D. No.1 
D. D. No.2 
D. D. No.3 
D. D. No.4 
D. D. No.5 
D. D. No. 6 
D. D. No.7 
D. D. No.8 
Davis .. .... .. . D. D. No . 
Farmington 
Emery .... ... . D. D . No. 
Millard .. .. .... D. D. No . 1 
D. D. No. 2 
D. D. No. 3 
D. D. No. 4 
Salt Lake .... D. D. No. 2 
Brighton 
Granger 
Table 2. Utah drainage districts 
(Location, size, year orga~ized , and activity status) 
General location 
4 
Year 
organized 
Corinne area ..... ..... ....... .. ........... ....... ...... ... 1915 
Elwood area ...... ........ ........ ........... ...... .. ....... 1917 
NE part of Lewiston area ..... .. ... .. ..... .. ... ... ... 1917 
Cornish area ..... ......... ..... ............ ... .. .... .. ...... 1921 
W of Hyde Park .. ..... ....... ... .... ..... ......... ..... 1921 
SW part of Lewiston area ... ........... ..... ..... 1921 
SE part of Trenton area ....... .. ...... .... ....... 1921 
NW part of Lewiston area ...... ........ .... ..... . 1921 
SE part of Lewiston area ... .... ... ........ .......... 1928 
N part of Young Ward area ... .. ...... ...... ..... 1934 
SE part of Cornish area .. ........... .. .... ......... 1937 
W part of Woods Cross area .. .. ..... ..... .... 1919 
W part of Farmington area ........... .... .. ... 1930 
NE part of Greenriver .. .... ........ ... ......... .... 1942 
SW part of Delta area .... ... ... ... ..... ........ .. .... 1914 
S part of Delta area .. ..... .... .... ......... ........ ... . 1917 
NW part of Delta area ... .... .. ..... ........... ..... 1917 
E part of Delta area ........ ........ ... ........ ....... 1918 
NW of Salt Lake City ... ................ .... .. .... ... 1917 
W of Salt Lake City ...... ... , ...... .................. 1917 
SW of Salt Lake City ........... ...... .. ... ....... ... 1921 
Wand SW part of Centerfield area .... .. .. 1919 Sanpete ... ... D. D. No. 1 
. San Pitch River Between Ephraim and Manti .. ........ ........ .. 1924 
Sevier ...... .. .. D . D. No. 1 
D. D. No.2 
D. D. No.3 
D. D. No.4 
D. D. No. S 
D. D. No.6 
D. D. No.7 
D. D. No.8 
Redmond 
Between Venice and Richfield ... .. .. ..... .. .... 1916 
N part of Monroe area .. : .......... .......... ....... 1917 
NE part of Joseph area ... ............... ..... ....... 1917 
SE part of Aurora area .. ... ..... ... ............ ... 1918 
S part of Richfield area .......... ... ............. .... 1919 
E and NE part of Central area ..... ..... ........ 1919 
Adjoining SW side of Redmond Lake .. .... 1920 
NE part of Annabella area ......... ............. .. .. 1920 
Redmond area ....... ...... .............. ............ .. ... 1919 
Utah .......... .. D. D. No. W part of Springville area' ... ........ ........ ... 1918 
D. D. No.4 Between Salem and Payson ............. ... ... ..... 1920 
Lakeshore '& Benjamin Lakeshore area .. ......... ... ..... .... ........... .......... 1914 
Benjamin Benjamin area ..... .............. .. .. .. ................... 1918 
North Lakeshore N part of Lakeshore area .......... . .. ........ ..... 1916 
Utah Lake Control From Lehi area to Payson area .. .... .... ........ 1924 
Skipper Bay N of where Provo River enters Utah Lake .. 1920 
5 6 
Status of 
district Area 
organization : acres) 
Active 12,000 
Active 2, 540 
Active 1,000 
No drain 3,900 
No drain 8,400 
Active 1,200 
Inactive 3,000 
Active 2,848 
Active 1,450 
Inactive 2,064 
Active 403 
Inactive 2,051 
Active 190 
Active 5 L 1 
Active 5,200 
Active 22,000 
Active 43,732 
Active 10,240 
Inactive 7,004 
Inactive 4,109 
No drain 6,05~ 
Inactive 3,580 
Inactive 4,200 
Active 4,550 
Dissolved 2,600 
Active 1,360 
Active 1,000 
Active 1,200 
Dissolved 1,440. 
No drain 1,700 
No drain 1,210 
Inactive 1,900 
Active 3,050 
No drain 8,400 
Active 3,050 
Active 4,700 
Active 630 
No drain 20,600 
Inactive 591 
Total .'............................ .... ...... ............ . .... ..... .. .... .. .... ...... ................... ..... ... 205,661 
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FINANCING UTAH DRAINAGE DISTRICTS 
A Drainage District Revenue System 
, 
T HE success of a drainage district is directly dependent upon ade-quate district revenues. Without adequate capital funds, a district 
could not install its drainage system. Once the system is installed it is 
essential that annual revenues be provided to meet the obligations of 
district debt and provide for. continuous operation and efficient main -
tenance of the drains. Unless these requirements are promptly met , 
financial difficulties may ensue for the district, and through lack of 
proper maintenance the drainage system itself may soon deteriorate to 
a point of failure. 
Sources of District Revenues 
The principal revenue source for all districts is the taxation of 
lands; however, another source which has assumed considerable pro-
portions in some districts is the sale of tax-deed land acquired as a result 
of tax-delinquency foreclosure. The revenues from both of these 
sources are considered in the following sections. 
The Power to Tax Land Within Drainage Districts 
A drainage district revenue system based on the authority to tax 
· lands does not guarantee the required revenues. When taxes exceed 
benefits, and sometimes for other reasons, tax payments may fall off, 
leaving the district without funds to meet its obligations. With the 
power to tax, therefore, drainage districts were given the power to 
enforce collection of taxes. This was accomplished under authority to 
foreclose on tax-delinquent land and to take title to the I nds by means 
of auditor's tax deed. Even this power to foreclose does not always 
insure a dependable flow of revenues. 
Enforcing Taxation 
The power to enforce taxation soon became a controversial issue 
in Utah drainage districts. Basic issues settled in the courts included 
the following: Could any lands of a district be freed from the out ' 
standing district obligations if the owner paid the full amount of the 
assessed benefits on his lands, or did . an obligation, such as a bond 
issue, exercise a "blanket lien" on the district lands; also, in case of 
more than one obligation, such as general taxes, district taxes, and 
bonds, which one was prior and what were the rights of the junior 
creditors? 
A number of cases involving these issues were carried through the 
courts during the late 1920's and early 1930's. The essential elements 
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of decisions by the district courts were upheld by the Utah Supreme 
Court and then by the United States Supreme Court. 
Court decisions on the non'payment of general and drainage 
taxes are reviewed in some detail in reports of studies made by the 
Utah Agricultural Experiment Station of drainage in the Delta Area 
(4, 10) . Salient points in these decisions include the following: 
(1) There is no " blanket lien liability" in drainage districts . 
The only obligation of each landowner is to pay for the bene' 
fits of drainage to his own land. The maximum amount of 
these benefits is determined in the assessment of benefits 
which is made as a basis for the organization of the drainage 
district and for district taxation. 7 
(2) The general, tax lien is prior to the drainage,tax lien and all 
other obligations, and the enforcement of the prior lien ex ' 
tinguishes all inferior liens. 
The result of these decisions of the courts is that the title of the 
purchaser from the county is free from the lien for unpaid drainage 
taxes, including future taxes levied on account of bonds outstanding at 
the time the county takes title. In one of its decisions, (Hanson \ .. 
Burris), the Utah Supreme Court also held that the legislative amend , 
m·ents of 1919, 1921 , and 1925 did not impair the obligation of the 
bondholders' contract; and this holding was affirmed by the U . S. 
Supreme Court, on appeal, in a decision rendered March 2, 1936.9 
Valuation and Assessed Benefits 
Tax assessments in Utah drainage districts are based on drainage 
benefits as given in the roll of assessed benefits (see Appendix). This 
roll lists all parcels of land and the benefit which is expected to accrue 
I 
to each from the proposed drainage system. In some districts all lands 
were expected to benefit equally from the drainage works and the 
parcels were so listed in the roll of assessed benefits. In other districts 
there was a wide variation in the estimated benefits to accrue to the 
la nd throughout the district (table 3). 
The purpose of the assessed benefits roll is twofold: (1) to pol" 
tray the equaliz.ation of the burden of taxation on the land according 
7Campbell vs. Millard County Drainage District N o.3, 72 Utah 298, 269 Pac. 
1023 . 1928. See Cottrell vs. Millard County Drainage District No . 4, 5 
Utah 375, 199 Pac. 166. 1921. 
- Hanson \:. Burris, 86 Utah 424, 46 Pac. (2d) 400, 19 35. See also the im-
portant case of Robinson v. Hanso n, 75 Utah 30, 282 Pac. 782. 1929. 
!I Ingraham v. Hanson, 297 U.S . 378, 1936; affirming Han on v. Burris, 86 U tah 
424, Pac. (2d) 400, 1935. The U. S. Supreme Court also stated : "It i not 
disputed that under the laws of Utah taxes for general governmental pur-
poses are paramount to all other demands against the property to which the 
tax lien attaches." Robinson v. Hanso n, 75 Utah 30 ; 282 Pac. 782. 
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Table 3. Assessed benefits for the lands in tah's t hirtY·lwo drainage disl riel s 
that installed drains arranged b)' counties 
2 4 5 6 7 
Assessed benefits 
Area of Total Per acre 
County Name of district for 
district district Low High Average 
acres dollars dollars dollars dollars 
Box Elder Corinne 12,000 540,000 0 0 45 
Elwood 2,540 153,031 38 67 60 
Cache No. 3 2,680::: 290,000 100 125 108 
No. 4 3,000 330,555 75 125 110 
No. 5 2,848 143,000 0 0 50 
No. 6 1,450 12,140 3 10 8 
No. 7 2,064 . ..... t 
No. 8 40~ 7,871 0 0 20 
East Lewiston 1,000 ...... 1 
Da is No. 1 2,051 196,703 29 115 96 
Farmington 370=!: 17,384 15 65 47 
Emery Green River 511 .... .. t 
MiIlard No. 1 5,200 469,948 25 100 90 
No. 2 22,000 1,002,086 0 0 46 
. No. 3 43,732 2,590,035 30 70 59 
No. 4 10,240 775,000 0 0 76 
Sanpete No.1 3,580 282,000 30 100 79 
San Pitch River 4,200 153,000 30 50 36 
Sevier No. 1 4,550 138,000 15 50 30 
No. 2 2,600 195,000 25 100 75 
No. 3 1,360 81,920 0 0 60 
No. 4 1,000 55,000 25 100 55 
No. 5 1,200 117,982 0 0 98 
No.6 1,440 125,000 0 0 87 
Redmond 1,900 175,000 50 100 92 
Salt Lake Brighton 4,109 410,000 0 0 100 
No.2 7,004 280,160 0 0 40 
Utah No.1 3,050 297,565 2 104 98 
Benjamin 4,700 475,021 75 125 101 
Lakeshore &1 Benjamin 3,050 .. .... t 
North Lakeshore 630 52,356 0 0 83 
Skipper Bay 591 50,149 50 115 85 
Average 4,908 336,282 36 89 69 
* Original acreage of district ; area participating in drains 1,200 acres. 
t Assessed benefits not available. 
=!: Original acreage drained: area of district reduced to 190 acre . 
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to the benefits expected to be derived from the drainage system, and 
(2) to serve as a convenient basis for making the annual assessment 
roll, this roll being merely a listing of the land by parcels and the 
application of the tax rate against the assessed benefits for each parcel. 
Revaluation and Equalization of Assessed Benefits 
Provision is made by law for the revaluation of the land of a 
district, resulting in new assessed benefits from time to time as changing 
conditions of the land may warrant. In some cases the drains did not 
benefit the various 'parcels of land as originally expected. In the light 
of experience it may thus become necessary to prepare a new roll of 
assessed benefits for taxation purposes. In practice, however, a number 
of conditions have stood in the way of wide use of this authority, and 
only a few of the districts have changed the roll of assessed benefits 
after once setting it up. 
The principal objection to revaluation of benefits has been the 
interest of the bondholders. Reductions in the total assessed benefits 
cannot be made without the approval of the bondholders because 
benefit valuations are the basis of taxation from which payments of 
bond principal and interest ar~ made. If the total assessed benefits re ' 
main fixed, it means that when some are lo~ered others must be 
raised. The supervisors, therefore, have hesitated to change any assess' 
ments. Furthermore, the procedure necessary to equalize the assessed 
benefits of a district may appear to be cumbersome and formidabl~ . 
To change the benefits on one or more parcels of land it is necessary 
to prepare a completely new roll and circulate it to all landholders of 
the district, and then to hold a hearing before the county commissioners 
asking for a new equalization of assessed benefits for the land in ques' 
tion. Supervisors in various districts have been frank to state that need 
for a new equalization of benefits existed within their districts, but that 
procedure necessary to have this done had continually caused delay 
resulting in no action. . 
Taxation on the Basis of Assessed Benefits 
In the appraisal of drainage benefits, the land expected to benefit 
most from the drains is given a listing of highest assessed benefits. 
This land might be the poorest land in the district. It, thus, is evident 
that the poorest land may be called upon to pay the highest drainage 
taxes. Not until this land has actually received the anticipated benefits 
and been brought into the expected production, is it in a position to 
compete with more productive land in the payment of taxes. Exper, 
ience has shown that taxes against this type of land have often been so 
great as to discourage tax payments. Land that is low in productivity, 
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and high in tax assessments, has been the first to become tax delinquent, 
and, in large measure, this is the land which finally has entered into 
the category of tax,deed land acquired by many of the districts as are' 
suIt of tax foreclosure. 
Tax-Deed Land 
To preserve the district credit; nearly all Utah drainage districts 
were called upon to take over some tax,deed land. For those districts 
which had only land of relatively high quality the problem of tax 
foreclosure was not troublesome. In these districts the threat of fore ' 
closure was usually sufficient to induce full p~yment of district taxes, 
and in some districts no land has ever been taken by tax deed. 
It has been' the practice throughout Utah districts for the super' 
visors to spend a great deal of time encouraging landowners to pay 
their drainage taxes. Where land was acquired by the district because 
of failure of the owner to pay assessments, it was common practice to 
give the former owner first opportunity to repurchase for about the 
amount of tax delinquencies. In case he did not want to buy, the land 
was usually sold to the highest bidder. 
In most cases of drainage tax delinquency, especially where poorer 
lands were involved, it was found that state and county taxes were 
also delinquent. Where lands were delinquent in both drainage and 
general taxes, some of the districts allowed the county to foreclose for 
state and county taxes. By arrangement with county commissioners, in 
most cases, the district was given first opportunity to acquire the land 
by purchase of county auditor's tax,deed . When the previous owner 
did not care to reacquire his tax,delinquent land, it was often the 
practice of districts to obtain from him a quit,claim deed to the 
property. 
In some districts landowners allowed practically all their lands to 
be sold for taxes. Where tax delinquency and foreclosure reached 
extreme proportions, compromise settlements with the landowners were 
sometimes resorted to in order to bring the land again actively on 
tax rolls. In cases of bond refinancing, the landowners were required 
to become current in tax payments and in these cases a practice was 
sometimes employed of the district issuing a blanket release 'from de' 
linquent drainage taxes to all lands of the district. 
District Revenues 
The real test of the revenue system is its ability to meet the financial 
obligations. These obligations are usually of two kinds: First and 
usually the largest, is that pertaining to principal and interest costs. 
"-=' 
Table 4. Annual tax assessments lor drainage districts in Sevier ll11,(l V iall. Counties during the period 
.;::.. 
Ihey were organized and active, 1915-1945* 
- ---
- - ------- _._.. - -~-- -- .-- .-- -
2 4 6 7 8 9 to t 1 t2 
Average annual assessments per acre-dol1~rst C ool 
:.. 
Sevier County drainage districts Utah County drainage districts :z: 
>-
North C'l ::c 
Year 2 4 6 Red- Benja- Lakeshore Lake- c:; 
mond min &1 Benjamin shore c: c-
ool 
c: 
1915 .81 ::c ;.. 
1916 .97 c-
1.917 .96 2.1.2 tTl :.-: 
"tl 
1918 .77 1.24 1.62 t'l ::; 
1919 2.43 2.0t 2.65 2.67 1.47 .00 1.59 1.50 ::= 
1920 2.85 2.09 2.98 3.58 5.71 4.82 2.47 2.44 .00 1.59 1.50 t'l 
1921 2.90 2.80 3.02 4.61 5.04 3.96 1. 34 3.95 1.39 1.28 3.00 ~ 
{fJ 
ool 
1922 2.90 2.80 3.41 4.62 6.27 3.63 1.30 2.91 1.49 1.49 5.04 ;.. ool 
1923 2.86 2.98 3.41 4.60 6.24 3.62 3.32 3.29 2.48 1.50 4.74 0 
1924 2.86 4.84 2.46 4:60 6.65 3.62 3.20 3.32 3.00 l.49 2.37 'Z 
1925 2.86 4.90 3.03 4.60 6.65 5.84 3.20 3.31 2.98 1.64 1.20 t:::I:' 
c: 
t"' 
1926 2.85 4.91 3.41 4.60 7.31 6.90 4.00 3.30 3.96 1.76 1.20 c-M 
1927 2.84 4.53 3.41 4.59 8.13 6.90 3.20 3.30 3.84 1.75 l.18 ool 
1928 2.85 4. 15 3.41 4.59 7.92 6.90 l.60 3.30 3.79 1.32 l.90 
:;, 
1929 2.84 3.78 2.65 4.58 .00 1.60 3.30 3.78 1.32 l.90 w w 
w 
1930 2.84 3.77 2.65 2.83 .17 3.03 3.30 3.78 1.32 2.85 
193t 1.42 .00 2.65 3.14 .00 .40 3.30 3.71. 1.32 2.85' 
1932 2.84 4.53 3.60 3.t4 .09 1.53 3.29 3.71 1.32 3.98 
1933 2.84 4.52 3.60 3.14 .00 .00 3.29 3.70 1. 32 3.98 
Tabl e 4. Annual lax assessments lor drainage districts in Sevier and Utah Counties during the period 
they were organized and active, /9/5-1945 . 
2 4 5 6 7 8 9 10 11 12 
Average annual assessments per acre- dollarst 
Sevier County drainage districts Utah County drainage districts 
North 
Year 2 4 6 Red- Benja- Lakeshore Lake-
mond min &?Benja.min shore t::' 
::Il 
;10-
1934 2.84 4 .52 3.60 3.14 .09 .00 1.87 .00 .33 6.00 2 
1935 .71 4.33 .76 1.26 .00 .00 1.22 1.01 .33 .00 ;10-C"l 
1936 1.10 .76 1.26 .00 .24 1.22 1.01 .98 .00 t'1 
1937 1.10 .76 1.26 .00 1. 31 1.03 1. 31 .00 S' 
(f1 
.76 1. 25 .27 1.22 
-l 
1938 1.10 .72 1. 31 .00 ::Il 
1939 .95 .00 .00 .00 1. 31 .72 1.29 .00 c:; 
-l 
1940 .97 .91 1.25 .21 1. 31 .72 1. 3 I .00 (f1 
1941 .79 .57 1.25 .00 1.68 .72 1. 33 .00 ;, 
1942 .79 .57 1.25 .00 1.68 1.03 1.32 .00 C .., 
1943 .79 .57 1.24 .20 1.68 1.02 1.32 .00 ;10-::z:: 
1944 .79 .57 1.24 .00 1.68 1.02 1.32 .00 
1945 .00 .00 .00 .00 1.68 1.55 1.33 .00 
Totals 52.91 61.46 56.17 74.29 60.95 46.19 30.43 64.93 52.93 39.47 48.Y3 
Average 1.96 3.62 2.08 2.75 2.34 5.13 1.79 2.40 1.89 1.27 1.69 
'" These districts are selected for presentation because they are representative Utah districts an-d because detailed data are avail-
able for them. 
t Averages are used for co nvenience in presenting data ; actually the assess ment per acre varied with the assessed benefits, som e 
more and some less than the average ( see table 3). 
I'.:) 
c.., 
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Table 5. Annual tax assessments and collections jor drainage districts 
of Sevier County during the 26-year period ending 1944 
2 4 5 6 
Drainage districts- identified by numbers-assessments ahd collections 
2 
Year Ass'mt. * Col. Ass'mt.* Col. Ass'mt.* 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
2.43 
2.85 
2.90 
2.90 
2.86 
2.86 
2.86 
2.85 
2.84 
2.85 
2.84 
2.84 
1.42 
2.84 
2.84 
2.84 
.71 
1.10 
1.10 
1.10 
.95 
.97 
.79 
.79 
.79 
.79 
dollars per acre 
2.23 2.01 
2.73 2.09 
2.50 2.80 
2.52 
2.89 
2.91 
3.04 
2.57 
2.54 
2.74 
2.71 
2.44 
1.16 
1.89 
1.38 
.61 
.96 
1.18 
1.22 
1.34 
.98 
.95 
.79 
.91 
.81 
.77 
2.80 
2.98 
4.84 
4.90 
4.91 
4.53 
4.15 
3.78 
3.77 
.00 
4.53 
4.52 
4.52 
4.33 
Averaget . __ ._ ...... ....... 2.04 1.80 3.62 
* Average assessment per acre . 
t Averages are for years of rerord as shown. 
1.91 
1.94 
1.98 
1.93 
2.46 
3.84 
3.88 
4.45 
3.76 
3.76 
2.50 
2.37 
.23 
.31 
.24 
.24 
5.75 
2.44 
2.65 
2.98 
3.02 
3.41 
3.41 
2.46 
3.03 
3.41 
3.41 
3.41 
2.65 
2.65 
2.65 
3.60 
3.60 
3.60 
.76 
.76 
.76 
.76 
.00 
.91 
.57 
.57 
.57 
.57 
2.16 
7 
Col. 
2.47 
2.46 
1.81 
.96 
1.87 
1.81 
4.96 
5.52 
2.61 
4.11 
2.35 
2.87 
2.40 
.85 
.45 
.20 
.62 
1.39 
.40 
1.05 
.18 
.5 6 
1.12 
.49 
.55 
.64 
1.72 
The other, of equal importance, although not so pressing in its de-
mand for payment, is the costs of 9peration and maintenance. 
Annual Assessment Rates of Districts 
The assessment rates of districts throughout the state varied 
widely according to the revenue requirements. In those districts having 
only open drains, the necessity for .revenues was relatively low, and 
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8 9 10 11 12 13 14 15 
Drainage districts- identified by numbers- assessments and collections 
4 5 6 Redmond 
Ass'mt. * Col. Ass'mt.* Col. Ass'mt.* Col. Ass'mt.* Col. 
dollars per acre 
2.67 2.33 
3.58 3.18 5.71 4.69 4.82 4.47 2.47 2.16 
4.61 3.15 5.04 3.53 3.96 2.75 1.34 1.02 
4.62 3.07 6.27 4.23 3.63 1.82 1.30 .89 
4.60 3.85 6.24 3.90 3.62 1.22 3.32 2.50 
4.60 4.88 6.65 6.06 3.62 1.01 3.20 2.68 
4.60 5.93 6.65 4.68 5.84 1.61 3.20 2.85 
4.60 3.76 7.31 1.11 6.90 .82 4.00 1.85 
4.59 4.66 8.13 .21 6 .90 .10 3.20 .92 
4.59 4.52 7.92 .31 6.90 .0 1 1.60 1.32 
4.58 4.73 1.60 .84 
2.83 2.78 3.03 .31 
3.14 2.24 .40 .02 
3. 14 2.05 1.53 .10 
3.14 1.41 .00 .00 
3.14 1.01 .00 .00 
1.26 1.16 .00 .0 1 
1.26 1.58 .24 . 16 
1.26 1.26 
1.25 1.52 
.00 .80 
1.25 1.05 
1.25 1.70 
1.25 1.24 
1.24 1.24 
1.24 1.29 
2.86 2.55 6.66 3. 19 5.13 1.53 1.79 1.04 
the time required for repaying the installation costs was usually only a 
few years. Even during the period of debt repayment these district 
lands seldom were assessed more than $1.50 per acre. Thereafter, the 
yearly maintenance costs usually dropped to a fraction of a dollar and 
in some districts annual assessments have not been regularly made. 
In districts that installed tile systems the annual assessments were 
usually much higher but these varied widely from district to district. 
The annual tax assessments per acre for districts in Sevier and Utah 
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Counties are given in table 4. During the years of bond payments 
common assessment rates were near $4 per acre or more, and in one 
district the assessment for one year exceeded $8. 
Tax Payments 
The response of land owners to the payment of district taxes was 
usually high during the first years of taxation. However, as the taxes 
were increased to meet the oncoming requirements for bond repay' 
ment, a severe strain was often felt. The trends in tax assessments and 
collections for representative districts, over a long period of years, 
presented in table 5, show the relative success of the taxing system 
in Sevier County, district by district. In those districts where collec, 
tions were consistently high, the district continued as a going concern. 
On the other hand, where cC?llections were low compared with assess' 
ments the districts became financially involved and some of them be' 
came inactive. 
Factors Influencing Payment of Taxes 
In the following paragraphs the five major factors that influenced 
the ability and willingness of farmers to pay their drainage taxes are 
briefly considered. 
Type' of farming. In the main, in drainage district areas, general 
farm crops are grown from' which the. cash returns are not high. The 
ability of landowners to meet their drainage costs, is, therefore, not 
oreat and in districts where drainage costs are high they may have 
qualed or exceeded the net returns from the land. 
Price levels. Before and during the 1920's when farm prices 
were favorable, most drainage districts maintained a high percentage 
of debt payments. After the financial collapse of 1929 the situation 
was entirely changed. The depression of the 1930's forced almost 
complete readjustment of drainage district obligations. 
Amount of taxes. The amount of the tax bill was a prime ele, 
ment influencing payment and often' when taxes were increased there 
was a decrease in payments. This was especially true in cases where 
farmers were discouraged with the results of drainage (see districts 2, 
5, 6, and Redmond, table 5). 
Land productivity. The productivity of the land exerted a 
marked influence on payments of assessments. In districts where a pro' 
motional or speculative element was present and in districts that ex' 
tended the drains to soils of poor quality, the returns from the land 
were usually low. A number of districts were set up through the in ' 
fluence of absentee owners with but few farmers on the land. Much of 
the land of these districts was out of production and yielding litt.le 
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income. Where the soils were of poor quality this land remained out 
of production. 
Results of drainage. The benefits received from the drains greatly 
influenced tax payments. In cases where anticipated benefits were not 
realized tax payments fell off in a marked degree. On the other hand , 
in districts where highly,beneficial results were obtained, even though 
drainage costs were high, tax payments were high. 
A comparison of the performance of two unnamed districts, X 
and Y, in the same county and with much the same inherent conditions, 
is presented in table 6. District X was organized in 1918 with an area 
of about 1000 acres ; district Y in 1919 with about 2000 acres. The soil 
classes were 1, 2, and 3 before drainage, in about the same proportions 
in both districts, the grading down being largely because of salinity 
of the soils and high water table. 10 After drainage the soils in dis, 
trict X improved to classes 1 and 2 while in district Y they were not 
improved. Each district readily sold its bonds with repayments to be' 
ain at the end of five years ; the irrigation water supply was somewhat 
poorer in X than Y ; 'the interest rate in district X was 7 percent and 
in Y , 6 percent; in 'district X the annual tax assessments were usually 
higher than the assessments in Y. Thus, in some respects district X 
seemed to be less favored than Y, but X drained its wet land while 
Y did not. 
For a. few years the landowners in both districts paid their taxes 
fairly well, as indicated in the columns for collections. The financial 
strain came after about the fifth year: In district X the percentage of 
tax collection increased, whereas the rate of collections rapidly fell off 
in district Y. 
Comparison of payments on the bonded debt for these two dis, 
tricts reveals that the first five years district X paid interest on th 
bonds, Thereafter, excepting for the years 1933 through 1935 when 
its outstanding bonds were refinanced, this district made regular bond 
payments of both interest and principal until the retirement of the 
bonds in 1944. For district Y the record is not so good, Beginning 
in the fourth year, the district regularly' paid interest on the bonds for 
eight years. Thereafter no payment was made for six years, and in the 
seventh year a compromise settlement with the bondholders retired the 
bonds, after which no assessments have been made and the district 
is now defunct. 
The difference in these two districts resulted largely from the 
variation in the success attained by each in the drainage of its land, 
lOIn soil classifications by the Agronomy Department, Utah Agricult'ural Experi ' 
ment Station, classes 1 to 3 pertain to arable soil; temporary non'arable 
soil is class 4 ; and permanently non'arable soils are designated as classes 5 
and 6, 
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Table 6. Annual per acre tax assessments, tax collections, and debt payments 
for districts X and Y 
Comparison of tax revenues and debt payment in di trict X which 
successfully drained the land, with tho e of district Y which failed 
to do so. 
2 4 6 
District X District Y 
7 
Year Yearly taxes per acre Bond Yearly taxe per acre Bo nd 
Assessments Collections payments* A ssess ments Collections payme nts';: 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
2.67 
3.58 
4.61 
4.62 
4.60 
4.60 
. 4.60 
4.60 
4.59 
4.59 
4.58 
2.83 
3.14 
3.14 
3.14 
3.14 
1.26 
1.26 
1.26 
1.25 
.00 
1.25 
1.25 
1.25 
1.24 
1.24 
Average:j: ........ 2.86 
dollars 
2.33 
3.18 
3.15 
3.07 
3.85 
4.88 
5.93 
3.76 
4.66 
4.52 
4.73 
2.78 
2.24 
2.05 
1.41 
1.01 
1.16 
1.58 
1.26 
1.52 
.80 
1.05 
1.70 
1.24 
1.24 
1.29 
2.55 
1.75 
2.63 
2.63 
2.63 
i.63 
3.58 
3.58 
3.58 
3.58 
3.58 
3.58 
3.58 
3.58 
3.58 
1.75 
1.75 
.88 
2.21 
2.21 
2.21 
2.21 
2.21 
2.21 r 
2.21 
2.21 
2.21 
2.64 
2.47 
1.34 
1.30 
3.32 
3.20 
3.20 
4.00 
3.20 
1.60 
1.60 
3.03 
.40 
1.53 
.00 
.00 
.00 
.24 
.09 
1. 79 
dollars 
2.16 
1.02 
.89 
2.50 
2.68 
2.85 . 
1.85 
.92 
1.32 
.84 
.31 
.02 
.10 
.00 
.00 
.01 
.16 
.01 
1.04 
:,: First five years only interest payments made ; thereafter principal and intere t . 
t Includes only interest payment except in 1937 which is only principal. 
2.8\ 
2.81 
2.81 
2.81 
2.81 
2.8 \ 
2. 81 
2.81 
.00 
.00 
.00 
.00 
.00 
.00 
28.13 
1.61 
+ Based on record of 26 year for district X and 17 years a essment and collection 
and 14 years payments for district Y. For di trict Y the year 1937 i not in -
cluded in the computation of averages. 
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District X is a well ,drained, highly productive area, while in district Y 
the inadequate drains never greatly benefited the farm land, which 
continued in a state of low productivity. 
The records made by these two drainage districts are typical. 
District X is representative of many well, drained districts that accom' 
plished the purpose of .land drainage for which they were organi4ed 
and succeeded not only in draining the land but were financially 
successful. On the other hand, district Y is representative of several 
districts that were not successful in draining their lands and in all 
cases these districts failed financially and became inactive. 
To summari4e, the five major factors intluencing payment of 
drainage taxes are : (1) the type of farming, (2) relative price levels, 
(3) amount of taxes, (4) land productivity, and (5) results from 
drainage. Because of their influence on the success of the drainage 
enterprise these factors deserve more attention than usually given to 
them in drainage projects. 
Capital Costs and Debt Retirement 
Method of Financing the Installation of Drains 
The. methods em played in financing construction of drainage 
~ystems included the use of t rtX revenues as they became available, the 
issuing of tax anticipation warrants, negotiation of temporary loans 
secured by notes of the district, and the issuing of district bonds. 
Capital financing has usually been obtained through the sale of district 
bonds. S.econd to this method has been a combination of pay,as'you'go 
use of tax revenues and temporary bank loans. The latter method 
was used by districts that installed only open drains, w hile bonding 
was usually employed to finance closed drainage systems. 
In general, drainage districts issued 2 a ,year serial bonds, with the 
principal payments beginning about five years after date of sale and 
continuing during the remaining 15 'year period. Bond interest rates 
for all districts were high , being from 6 to 7 percent per annum. A 
summary of bond issues, including the interest rates, per,acre bonded 
debt, and percent of par at which bonds were sold, is presented in 
table 7. 
T en districts found it necessary to sell additional bonds. The total 
bonds issued by each of these districts com pared with their first bond 
issues represents the difference between anticipated costs and final 
costs of installing drainage systems. The costs here given, total and 
per'acre, include only the principal costs. 
Since the ability to discharge financial obligations depended 
directly on available revenues, problems of revenue and debt were 
\J.j 
I:\:) 
Table 7. Bond issues 0/ Ulah drainage districls* 
2 4 6 7 8 
._-- . 
Bonded debt c 
>-l 
> 
Amount Sale rate Interest ~ 
County Name of district Areat Issues Total Per ac. % par rate > ~ 
dollars dollars percent percent ~ acres ('") c: 
Box Elder ... ... ........ Corinne t 7 5,000 175,000 10,000 IX 100 6 t"' >-l 
Elwood 2,540 71,000 71,000 28 100 6 c: 
" ;10-
Cache ...... .... ... .. ..... No. 8 403 5,500 5,500 14 LOO 6 
t"' 
trj 
:..-. 
Davis ... .. ..... .. .... .... No. 2,051 60,000 60,000 29 90 6 "tI M 
~ 
Millard .. ......... ... .... No. 4,400 60,000 6 :;: ["l 
150,000 6 ~ >-l 
65,000 275 ,000 63 6 Ul 
No.2 14,000 450,000 100 6 >-l > 170,000 620,000 44 90 6 >-l 
No. 22,000 1,250,000 100 6 <5 
440,000 1,690,000 77 90 6 
~ 
No.4 6,500 310,000 93 t::tl c: 
150,000 460,000 7 L 85 t"' t"' 
Sanpete ...... .. ...... .. No. 2,768 95,000 96 6 M >-l 
18,000 113,000 41 88 6 ;. 
San Pitch River 4,200 30,000 30,000 7 91 6 \J.j 
\J.j 
\J.j 
Sevier ..... ...... ....... .. No. 4,200 68,000 100 7 
25,000 93,0.00 22 100 7 
No.2 2,400 65,000 65,000 27 100 7 
No.3 1,200 35,000 35 ,000 29 93 7 
Table 7. Bond issues 0/ U tuh drainage district:> '" 
2 4 5 6 
Bonded debt . 
Amount 
County Name of district Areat Issues Total Per ac. 
acres dollars dollars 
No.4 1,000 25,000 
12,500 37,500 38 
No. 1,100 45,000 
12,000 57,000 52 
No.6 1,440 50,000 
10,000 60,000 42 
Redmond 1,600 7 5,000 75 ,000 47 
Salt Lake ... .. ..... .... Brighton 4,109 . 80,000 
30,000 110,000 27 
Utah .................... .. No. 1 3,050 90,000 90,000 30 
Benjamin 4,700 125,000 125,000 27 
Lakeshore & Benjamin 3,050 47,500 47,500 16 
North Lakeshore 630 16,000 16,000 25 
Skipper Bay 591 15 ,000 15,000 25 
Totals 97 ,932 4,32 5,500 4,325,500 
Averages 35 
'" This table includes only the 2 3 districts that sold bonds. 
t Includes the estimated acreage th at participated consistently in bond payments. 
7 
Sale rate 
% par 
percent 
95 
96 
100 
93 
100 
98 
100 
100 
100 
92 
8 
Interest 
rate ~ ! 
percent 
7 
7 
6 
6 
6 
6 
7 
7 
6Vz 
6 
6 
6 
6 
6.27 
v 
" :> ;, 
:> 
" t"l 
v 
Ul 
.., 
" ;:;
'"'I 
ffl 
Co 
'"'I 
:> 
:II 
C,i..) 
C,i..) 
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closely related. Some districts found it impossible to bring revenues 
in line with needs. An example of the discrepancy between the bond 
payments due and tax revenues available, together with the payments 
made, is presented in table 8. The district here discussed is the same 
district Y treated in table 6. 
This table shows that even the taxes levied did not nearly equal 
the schedule of payments due on the bonded debt. It is not evident 
why the district fail ed to make assessments equal to the payments fall~ 
ing due, unless it was thought that the higher taxes would not be paid . 
Table 8. Financing a Utah drainage district 
Schedule for annual bond payments compared with available tax revenues 
and actual payments made in drainage district y * 
2 4 5 
Yearly bond payments 
Year Total 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
Due 
6,750 
4,500 
4,500 
4,500 
4,500 
9,350 
9,050 
8,750 
8,450 
8,150 
7,850 
7,550 
7,250 
6,950 
6,650 
1935 6,350 
1936 6,050 
1937+ ...... 5,750 
Average§ 6,891 
M adet 
o 
o 
o 
4,500 
4,500 
4,500 
4,500 
4,500 
4,500 
4,500 
4,500 
o 
o 
o 
o 
o 
o 
45,000 
2, 118 
Per acre 
Due 
4.22 
2.81 
2.81 
2.81 
2.81 
5.84 
5.66 
5.47 
5.28 
5.09 
4.91 
4.72 
4.53 
4.34 
4.16 
3.97 
3.78 
3.59 
4.31 
Madet 
0 .00 
0.00 
0 .00 
2.81 
2.81 
2.8 1 
2.81 
2.81 
2. 81 
2.81 
2.81 
0 .00 
0.00 
0.00 
0.00 
0 .00 
0.00 
28.13 
l.32 
6 7 8 9 
Yearly tax revenues 
Total 
A ss'mt. 
3,945 
2,151 
2,078 
5,315 
5, 125 
5,125 
6,407 
5,127 
2, "63 
2,5 62 
4,848 
640 
2,449 
o 
o 
o 
38 3 
138 
2,866 
Col. 
3,457 
1,640 
1,423 
4,002 
4,285 
4, ';';9 
2,967 
1,466 
2, 117 
1,342 
488 
26 
152 
6 
8 
14 
258 
21 
1,6 59 
Per acre 
A ss'mt . Col. 
2.47 2.1 6 
l.34 1.02 
l.30 .89 
3.32 2.50 
3.20 2.68 
3.20 2.85 
4.00 l.8 5 
3.20 .92 
1.60 l. 32 
1.60 .84 
3.03 .31 
.40 .02 
1.53 .10 
0.00 .00 
0.00 .00 
0.00 
.24 
.09 
l.79 
.01 
.16 
.0 1 
l.04 
:,: This 2,000,acre drainage district is selected , witho~t being identified, to illustrate the 
problem of high bonded debt and resultin g hi gh annual · costs ; together with th e 
necessity o f d'ependable annual tax revenues and the failure that ensues wh en 
revenues cease . 
r For 1923,1930 payments were only interest ; 1937 is only principal. 
:j: In 1937 the district bonded debt (principal and interest of more than $100,000 out' 
standing) was liquidated in a compromise payment to bondholders of $45 ,000 , 
raised principally by sale of tax,deed land . 
§ Includes years 1920, 1936. In 1937 outstandin g debt was liquidated by compromise 
settlement. 
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Indeed, a comparison of columns 4, 8, and 9 of table 8 for the years 
1925 through 1929 shows that whereas the annual bond bill was well 
over $5 per acre, the average assessment for these five years was only 
$2.70 per acre- the maximum being $4. For these years tax collections 
never reached $3 per acre, the average being $1.56. 
The pressing problem of bonded debt with its recurring annual 
requirement for interest and principal payments, is revealed by the 
performance of a typical drainage district which was successful in 
draining its land and in meeting its schedule of payments, (table 9) . 
Column 7 shows that annual interest payments were regularly made, 
and column 6 that bond payments, as they came due, for many years 
were consistently met. However, during the 1930's this district found 
it necessary to refinance its outstanding debt. In this refinancing the 
district requested and received a substantial write-off of its outstanding 
bonds. 
Problems of Financing the Capital Costs 
The first drainage districts, organized during or soon after W orld 
W ar I , had little difficulty selling their drainage bonds, but the financial 
depression of 1920 brought on a tightening of the money market. As 
a result, some districts organized about this time, did not sell their 
bonds and never installed proposed drainage systems. 
The widespread financial failure and near failure of drainage dis-
tricts during the 1930's discouraged bondholders to the point of eli-
minating the drainage bond market , and there now seems to be no 
market for Utah drainage district bonds. 
Sale of bonds at par value was the aim of all districts, but in a 
number of instances they had to be sold at less than par. This was 
notably true in the sale of second and third bond issues. The law 
provides that bonds may not be sold at less' than 90 percent of par 
value. In some cases the contractors accepted the bonds in payment for 
installation of the drainage system. Where this arrangement was 
entered into, there was no effective control of the sale price. An in-
crease in the contract price for installing the drains would effectively 
discount the bonds taken in payment. 
In those districts that did not issue bonds, acquisition of sufficient 
capital to finance the drainage system adequately was a problem. A 
number of these districts installed their drains piecemeal, and some 
districts failed to install sufficient drains to provide adequately for 
the drainage needs. 
Principal and Interest Costs 
The costs of 32 Utah drainage districts for principal funds and for 
interest to the end o'f the period of contracted debt are presented in 
Table 9. Principal and interest costs wul debt retirement lor drainage district l w 0-
Schedule of annual capital costs due, payments made, and write-off ob-
tained in liquidation of bonded debt for a typical Utah district. 
2 4 6 7 8 
Principal Inter- Inter- Annual payment Write- ;.: 
Year Item due* est est Prin. Int·t off:j: ::r:; 
dollars percent dollars dollars dollars dollars >-~ 
;Ij 
1917 Drainage district organized ....... ... ..... ..... ....... ................. ;:; 
1918 Bond issue .. ..... ... ..... .. ................. ....... ...... ... ...... ......... ....... 3,500* 7 245 0 245 0 c: ::; 
1919 Interest payment only ............ .... ....... ... .................. .... 3,500 7 245 0 245 0 · c 
1920 Interest payment only .... .... .................. ................ ..... . 3,500 7 245 0 245 0 ;Ij > 
1921 First payment on .principal ... ............ ...... ... ... .... ... ...... 3,500 7 245 1,000 245 0 tr1 
· 1922 Interest, less than full year .......... .. ......... _ .. ... .... .. ...... . 2,500 7 108 0 108 0 ~ 
"" Drainage dist. enlarged and new debt incurred§ ........ 67,500* 0 tTl; 1923 New bond issue (incl. refinanced old bonds) ... .... .... .. ... 70,000 6 4,200 0 4,249 0 r;; 
1924 Interest oayment only .. .. ........... ... .. ... .... .. ... ...... ........ .. 6 4,200 0 4,230 0 :z 
-l 
1925 Interest payment only ........... ..... ........ ....... .. .... .. ...... ... 6 4,200 0 4,230 0 {fJ 
-l 
1926 Principal payment resumed ......... .. ... .................. .. .... .. 6 4,200 500 4,230 0 > 
-l 
1927 Principal and interest payment ... ... .. ..... .. ............... .. .. 69,500 6 4,170 2,500 4,205 0 (3 
1928 Principal and interest payment ........... .. ...... ... ..... .... ... 67,000 6 4,020 2,500 4,054 0 z 
t:t1 
1929 Principal and interest payment .. ..... ... ...... ........ .... .... .. 64,500 6 3,870 2,500 3,905 0 c: r 
1930 Principal and interest payment .... .. ....... .. ......... ..... . .... 62,000 6 3,720 2,500 3,755 0 r tTl 
1931 Principal and interest payment .... .... ...... .............. ...... 59,500 6 3,570 3,000 3,605 0 ~ 
1932 Principal and interest payment ... .. ...... ... ......... ...... .. .... 56,500 6 3, 390 1,500 3,425 0 
w 
w 
1933 Principal and interest paym~nt ... .... ....... : .. ... .. ..... ...... . 55 ,000 6 3,300 4,500 3,162 0 w 
1934 Principal and interest payment ..... ...... ... ... ...... .... ... .... 50,500 6 3,030 3,500 3,065fl 0 
1935 Principal and interest payment ..... ........... .. .... .. ... ... .... 47,000 6 2,820 500 2,890 0 
1936 District debt refinanced with R.F.C . .. .. ....... ...... ... ... ..... .. 46,500 6 2,790 0 2,820 0 
Write-off on old bonds ..... ....... .......... .... .............. .... .... 18,500 
New R.F.C. bonds .. ...... .... ..... ................ .... ..... ....... ....... 28,000 4 .0 
Table 9. Principal and int erest costs and debt retirem ent for drainage district Z 
Schedule of annual capital costs due, payments made, and write'off ob, 
tained in liquidation of bonded debt for a typical Utah district. 
2 4 5 6 7 8 
Principal Inter' Inter' Annual payment Write' 
Year Item due* est est Prin . Int.t off:j: 
dollars percent dollars dollars dollars dollars 
1937 Principal and interest payment ____ ___ ___ _________ __ ____ _ ._. ___ ._ 28,000 4 1,120 5,000 1,120 0 
1938 Principal and 1.4 years interest ____ __________ ____________ ________ 23 ,000 4 1,270 3,000 1,270 0 0 
1939 Principal and interest payment ____ ____________ _____ -" ___ _________ 20,000 4 800 3,000 855 0 ::0 > 
1940 Principal and interest payment ____ _______ _______________________ 17,000 4 680 1,500 695 0 ;, 
> 
" 1941 Principal and interest payment ____ . ___ _____ _____ ____ ____________ 15 ,500 4 620 1,500 632 0 t'l 
1942 Principal and interest payment _____________ ___ ___ ___ __ __________ 14,000 4 560 1,000 565 0 0 
1943 Principal and interest payment ____ __ _______ _______ _____ _____ ____ 13,000 4 520 3,000 525 0 C;; ~ 1944 Interest payment only ___ ___________ __ _______ ___ ___ _________ ___ _______ 10,000 4 400 0 400 0 6 
1945 Interest payment _____________ ____ ______________________ _______ ___ _________ 10,000 4 400 0 400 0 
rj, 
1946 Principal payment resum ed _____ ___ ____ _______________ , ____ ___ ___ __ 10,000 4 400 2,000 400 0 7-
1947 Principal and interest ____ ________ ___ _________ __________________________ 8,000 4 320 2,000 320 0 
1948 Principal and interest ______________________ ______________________ _____ _ 6,000 4 240 2,000 240 0 > 
:t 
1949, 
1950 T o be paid in two years ____ ___________ _____ __ _______ __ ____ ___ ____ ___ _ 4,000 4 240 4,000 240 0 
T otal . __ ............. _-_ . .. . .. ...... ...... . . . ...... . .. _--. --- -- -- . _-- -- .- . .. ----_ ... . . . -- 71,000 60, 138 52,500 60,575 18,500 
:;: Bond issues; rest of fi gures in this column indicate outstanding bonds, by years. 
t Includes handlin g charges. 
:j: Write,o ff for this district consisted only of principal. 
§ First drains were open drains servin g 800 acres; refinancin g was for installation of closed dra ins on 2,600 acres. 
The short interest payment in this year is not explained in the record _ w 
..... 1 
CJ,) 
co 
Table 10. Costs 0/ Utah drainage districts by countics* 
2 4 5 6 7 8 
Principal and interest costs C ..., 
> 
Assessments Bond sales All Area in :t 
County Drainage district and principal interest Grand Per drainage > 
temp. loans totals projectt " acre 
" ;:;
doLLars acres c:: r 
Box Elder ... ..... .. .... Corinne 25,000 175,000 175,053 375,053 38 10,000 ~ 
Elwood 71 ,000 60,173 131,173 52 2,540 " > r 
Cache ....... .... .... .... . No. 3 17,100 2,008 1.9,108 16 1,200 tr'l ~ 
No.4 18,786 18,786 7 2,800 " t'l
No. 5 11 ,800 720 12,520 5 2,600 ~ 
No.6 1.0,678 1,110 1.1,788 8 1,450 ~ t'l 
No. 7 77 ,400 77 ,400 38 2,064 ~ 
No. 8 500 5,500 1. ,302 7,302 18 403 
..., 
East Lewiston 10,567 10,567 15 700 ~ ;..: 
..., 
Davis ....... ..... .... : ... No. 1 60,000 72,000 132,000 64 2,051 ::; 
Farmington 1.3 ,300 13 ,300 36 370:j: ~ 
tJ: 
Emery .......... .. ........ Green River 3,000 280 3,280 
c:: 
6 511 r r 
M 
Millard ....... .... ....... No. 1 275,000 278,282 553 ,28 2 
..., 
106 5,200 Ii 
No. 2 620,000 722,325 1,342,325 61 22,000 w No. 3 1,690,000 1. ,921 ,405 3,611 ,405 83 43,732 w w 
No. 4 460,000 545 ,063 1,00 5,063 98 10,240 
Sanpete .... . .. ...... .... No. 1. 4,047 113,000 87 ,632 204,679 74 2,768 
San Pitch River 1.8,237 30,000 24,664 72 ,901 17 4,200 
Table ./0. Costs 0/ Utah drainage districts by cuunties* 
2 4 6 7 8 
Principal and interest costs 
Assessments Bond sales All Area in 
County Drainage district and principal interest Grand Per drainage 
temp. loans tq,tals acre projectt 
dollars acres 
Sevier ..... ......... ... ... No. 1 500 93 ,000 113,676 207 ,176 49 4,200 
No.2 65,000 66,466 131,466 55 2,400 
No.3 35,000 38,339 73 ,339 61 1,200 
No.4 37,500 42,295 79,795 80 1,000 
No. 5 57,000 32,050 89,050 81 1, 100 
No.6 60,000 34,800 94,800 66 1,440 
Redmond 75,000 67,500 142,500 89 1,600 
Salt Lake ....... ...... . Brighton 110,000 151 ,900 261,900 64 4,109 
No.2 51,465 51 ,465 7 7,004 
Utah ... ....... ...... ...... No. 1 90,000 122,516 212,516 70 3,0 50 
Benjamin 125,000 123,845 248,845 53 4,700 
Lake Shore &;> Benjamin 47,500 35 ,772 83 ,272 27 3,050 
North Lake Shore 5,000 16,000 12,482 33,482 53 630 
Skipper Bay 15,000 9, 105 24,105 41 591 
Grand totals 267,380 4,325,500 4,742,763 9,335,643 . 62 150,903 
* In cases where bonds were retired by payments or by write'off with consent of bondholders, interest on the amount of bonds 
thus retired is charged only to the date of such retirement ; in case of bond default (without consent of bondholders) in' 
terest is charged to the end of the bond period. 
t Project area is the area to be served by drains as distinguished from area of drainage district which sometimes included land 
not to be benefited by the drains. 
:j: Includes 180 acres outside of district that participated in drainage costs, only 190 acres in district. 
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table 10. Of the 32 districts, five made neither temporary loans nor 
bond sales, and therefore paid no interest; three of these were in 
Cache County. Twenty,three districts issued bonds and 27 paid in' 
terest; but the amount of interest paid by the four districts on tempor' 
ary loans is negligible- being less than one,tenth of one percent of the 
total interest. It is, therefore, especially noteworthy that the interest 
on the bonds exceeds the principal by nearly 9 percent. 
To the farmer confronted by a bonded debt ammortized over a 
period of years the payment of interest is as much a part of the debt 
payment as is the payment of principal. To him the interest is part of 
the contracted debt and h e does not usually separate the annual assess ' 
ment for bonds into principal and interest but thinKs of it simply as 
bonded debt payment. In the analyses here presented the interest 
charge is, therefore, added to the principal to get the combined costs of 
the drains to the end of the period of contracted debt. 
The total drainage costs per acre, including principal and interest, 
as shown in column 7, table 10, varied widely for different districts . 
In those districts that installed only open drains these costs were low, 
usually not exceeding a total of $10 per acre. On the other hand 
districts installing tile drainage systems seldom were able to hold the 
combined costs below $50 per acre and the average for all districts was 
$62 per acre. The total principal and interest costs for several districts 
were near $100 per acre and for one, costs exceeded $100. The payment 
of 20'year serial bonds in the last 15 years of the period, (the usual 
contracted schedule) plus the annual interest, inevitably meant high 
annual costs for this period which could be met only by continued 
increase in farm production. Drainage districts may well consider the 
needs for and methods of reducing interest costs. 
Debt Retirement 
With the depression year 1929, there began a new era of 
·drainage,district financing. Prices of farm products and resulting farm 
income were so low that little was left in the farm budget after pay' 
ing the production costs. In addition, family living had to come out of 
farm production and often there were mortgage installments to be met . 
Thus, the load of costs which previously had been heavy, became 
unbearable in most of the districts of the state. As a rule, districts 
frankly faced the situation with their creditors. Those that were so 
deeply involved that failure had to be recognized, dealt with the matter 
accordingly. Some districts, by agreement with their creditors, liquidated 
their bonds by payment of a fractional part of the outstanding obliga , 
tion . Some were unable to agree with their creditors and defaulted 
on their bonds. 
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In districts where drains were properly constructed and function ' 
ing satisfactorily and where the productivity of the land was high, the 
solution was more in the nature ot a readjustment of the debt structure 
and a new financial beginning. In several cases, refinancing obtained 
through the Reconstruction Finance Corporation and elsewhere was 
beneficial. In all cases of refinancing, interest rates were lowered from 
6 and 7 percent to 4 percent, and in most cases because of adverse 
financial conditions beyond the control of the district, creditors were 
willing to allow a write,off' of part of the outstanding debt, ranging 
from about 25 to 50 percent. 
The success of Utah drainage districts in meeting their obligations 
is summarized in table 11, in which the figures are presented as county 
totals. Total figures for the state reveal that the combined principal 
and interest costs of all drainage districts amounted to $9,335,643 . 
This total debt was retired as follows: by' payment, 36 percent, or 
$3,353 ,712 ; by write' off's, 4 percent, or $401 ,086; by default,ll 60 per ' 
cent, or $5,580,845. The total principal and interest payments, 
$3,353,712 were less than the $4,325,500 total bonds sold by $971 ,788 
or about 22 percent. . 
Present Drainage Obligations 
By 1948 most of the drainage districts had completely eliminated 
their bond obligations. Of 23 districts that issued bonds, only three 
now have bonds outstanding totaling $65,000 with an additional 
$23,920 interest that will accrue if bonds are paid on schedule. These 
obligations are well in hand with annual payments being made as due. 
DESIGN, CONSTRUCTION, OPERATION, AND 
MAINTENANCE OF DRAINAGE SYSTEMS 
THERE are many physical factors that must be considered in de' terminating the cause for success or failure of .drainage districts. 
This section concerns mainly engineering and soils factors. 
Design of Drainage Systems 
All the drainage systems in Utah drainage districts consist of gravity 
drains, either closed or open, or a combination of both. The soils of 
districts having drainage systems consisting primarily of closed drains 
are usually more adequately drained than are the soils of districts, 
containing only open drains. 
11 Write'offs are defined as cancellation of debt by agreement of the contracting 
parties. Defaults are defined as failure to pay the contracted debt, with no 
revision of the debt agreement. 
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Drainage . 
districts 
by 
counties 
Box Elder 
Cache 
Davis 
Emery 
Millard 
Sanpete 
Sevier 
Salt Lake 
Utah 
Total 
8 
Total 
487,726 
157,471 
37,300 
3,280 
1,477,187 
121,849 
540,940 
33,899 
494,060 
, 3,353,712 
Table 11. Principal and interest costs and debt retirement 
of Utah drainage districts, totals by counties. 
2 
Ass'mt. 
and 
temp. loans 
25,000 
146,831 
13,300 
3,000 
o 
22,284 
500 
51,465 
5,000 
267,380 
9 
4 
Costs by source 
Bond sales All 
principal interest 
246,000 
5,500 
60,000 
o 
3,045,000 
143,000 
422,500 
11O,00Q 
293,500 
4,325 ,500 
10 
235,226 
5,140 
72,000 
280 
3,467,075 
112,296 
395,126 
151,900 
303,720 
4,742,763 
11 
Debt retirement by method used 
Principal 
18,500 
o 
o 
o 
o 
87,010 
195,995 
o 
84,250 
385,755 
Write'offs 
Interest 
dollars 
o 
o 
o 
o 
o 
8,000 
o 
o 
7,331 
15 ,331 
Total 
18,500 
o 
o 
o 
o 
95 ,010 
195,995 
o 
91 ,581 
401,086 
5 
Grand 
totals 
506,226 
157,471 
145,300 
3,280 
6,512,075 
277,580 
818,126 
313,365 
602,220 
9,335,643 
12 
Principal 
o 
o 
600000 
o 
2,988,500 
o 
o 
133,166 
o 
3,181,666 
6 7 
Debt retirement 
Payments 
Principal Interest 
dollars 
252,500 
152,331 
13,300 
3,000 
56,500 
70,274 
227,005 
28,299 
214,250 
1,017,459 
13 
Defaults 
Interest 
dollars 
o 
o 
48,000 
o 
2,046,388 
60,721 
81,191 
146,300 
16,579 
2,399,179 
235,226 
5,140 
24,000 
280 
1,420,687 
51,575 
313,935 
5,600 
279,810 
2,336,2 53 
14 
Total 
o 
o 
108,000 
o 
5,0 34,888 
60,72 1 
81,191 
279,466 
16,579 
5,580,845 
Basic Design Data 
In the design of drainage systems, the information most needed 
concerns land topography and permeability and stability of the soil. 
The topography controls the slope of the drains, the permeability 
controls the depth and the spacing, and the stability of the soil de' 
termines the extent to which special precautions must be taken in de' 
signing joint protection of closed drains and side slopes of open drains. 
Investigation of the available design information on file in the 
offices of the engineers who designed many of the drainage systems in 
Utah, indicates that information pertaining to the permeability of the 
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soil and the determination of the depth and spacing of the drains is 
generally unavailable. Some information pertaining to minimum 
slopes and joint protection materials and methods was found in the 
early records. These are discussed and compared with the materials 
and methods used currently by drainage engineers and contractors. 
Minimum Slopes of Drains 
Closed drains. Data contained in the original field books of several 
districts indicate that a minimum slope of 1 foot per 1,000 feet was 
extensively used for 5 -, 6-, and 8-inch drain tile and in some cases 
for la-inch tile. However, one instance was noted where part of a 
la-inch closed drain was constructed with a slope of only 0.5 foot per 
1,000 feet. The minimum slope of 1 foot per 1,000 feet is recommended 
and used by drainage engineers. Where land topography permits, the 
following minimum slopes12 appear to be desirable: 
Diameter of pipe 
inches 
6 
8 
Minimum slope 
percent 
0.20 
0.15 
In unstable-soil ' areas where soil is likely to enter the drain-pipe 
joints, it is advisable to increase the slope to about 0.3 percent for 
laterals. 
Open drains. Where slope information was found for open 
drains, the minimum slope was about 1 foot per mile. 
No recommended minimum slopes are listed herein for open drains. 
Usually the cross section of an open drain is many times larger than is 
needed for the ordinary maximum flow of drainage water. The usual 
minimum bed width of open drains is 3 to 4 feet, since it is difficult to 
construct narrower drains with the type of equipment ordinarily used. 
Therefore, with the excess cross-sectional area of the drain, the velocity 
of flow can be lower, and the drain can be constructed on a flatter grade 
than required for a closed gravity drain to convey the same quantity 
of water. 
Design of Joints fot Closed Drains 
The design of tile joints in the early drains was deficient when 
compar.ed to the design recommended and used currently. Tar paper 
strips placed over the tile joints were the material most-widely used 
for joint protection. Little gravel , if any, was used as joint protection 
in the early systems. Cost estimates for the construction of closed drain-
12By Sumner G. Margetts, drainage engineer, Salt Lake City. 
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age systems indicate that a negligible amount of tar paper was used for 
joint protection in earlier drainage districts, but, as later systems were 
constructed, larger quantities were used. 
Specifications for several districts provided for gravel to protect 
the drain joints in unstable soils, but study of the cost records for the 
districts concerned indicated that a meager quantity of gravel was used, 
even though a considerable portion of the drainage system was laid 
through areas where the soil was unstabfe. 
The importance of joint protection was underestimated during this 
early period, and that provided for closed drains in most of the Utah 
drainage districts was trivial compared with the protection provided at 
the present time. However, failure of any closed drainage system 
should not be attributed to the lack of joint protection alone. There 
are many other factors, considered and discussed herein, that have con' 
tributed to failure. 
Present design and construction of closed drains includes the use 
of gravel either as a continuous gravel envelop extending along the 
entire length of pipe, or as a gravel envelop only at the joints. 
In constructing closed drains with a gravel envelope all around 
the drain tile, the gravel is first put on the bottom of the trench. The 
drain tile is then laid and covered with a continuo,us strip of tar paper, 
6 inches wide, after which gravel is placed all along the sides and on 
top of the tile.13 
One contractor uses a hydraulic pressure device to assure close 
contact of each pipe, and to hold the pipe firmly in place. The gravel 
envelope is placed only at each joint. The size of gravel aggregate 
recommended is one' eighth to one' fourth inch. In many cases the 
difference between success and failure of a drain line is represented by 
the providing of a proper gravel filter around tile joints.H 
Extensive studies have been made by various institutions 'per' 
taining to the size gradation of material desirable in gravel envelopes 
for underdrains. Notable among these is the "Investigation of filter 
requirements for underdrains" by the U. S. Waterways Experiment 
Station and reported in its technical memorandum 183,1 , 1941. 
Construction of Drainage Systems, Methods, 
Major Problems, and Solutions 
Construction methods used by various contractors w ere essentially 
the same in all districts, but the work of some drainage contractors was 
far superior to that of others. Aspects of construction are discussed 
under closed and open drains. 
13The La Bolsa Tile Company, Huntington Beach, California. 
14Sumner G. Margetts, drainage engineer, Salt Lake City. 
Fig. 1 (left) Modern trenching machine with gasoline engine. Fig. 2 (right) 
Cage attached to rear of trencher 
Closed Drains 
Method of construction. In general, trenches for closed drain 
were dug by a wheel,type trenching machine having an appearanc 
imilar to the one shown in figure 1. 
1. Excavation. The trench is dug by a large wheel to which 
claws and buckets are attached . The machine is equipped with a 
ighting,bar device by which the vertical position of the digging 
wheel may be controlled . As the machine works forward, the 
ighting bar is aligned with grade targets located ahead of the 
trencher, thus excavatina the trench to the desired grade. 
1. Placing tile. T o minimize the handling of pipe, it is unloaded 
along the area where the drain is to be constructed .1 J As the 
trencher moves forward, workmen on the ground h and the tile to 
the tile layer who fit each tile firmly agai nst the preceding tile. 
H e works in the bottom of the cage which protect him from 
ca ving banks. 
Some machines are equipped with a hydraulic, pressure de' 
vice by which the pipe may be firmly butted together. 
In constructing closed drains with a trenching machine not 
equipped with the pressure device, the pace between sections of 
pipe may be larger since the hand pressure by which the pipe is 
butted together is relatively small, depending on the force which 
the tile layer is able to exert on the pipe as it i laid . 
3. Construction joints. If tar paper trip are used, they are placed 
by the tile layer after each tile has been butted against the last ' laid 
ection . Gravel aggregate to cover each joint may be poured in the 
hopper at the rear of the cage (fig. 2) , as the lower end of the 
chute under the hopper passes over the joint. Where the drain is 
constructed in stable soil, the joint may be covered with gravel 
after the trencher ha worked several pipe length ahead (fig. 3) . 
15The word tile and pipe are u ed with the ame meaning. Eac h term appl ie to 
drain pipe made either o f clay or of concrete . 
Fig. 3. Newly-laid dosed drain 
4. Blinding. In blinding16 the drain, 
the pipe should be carefully covered 
with a. minimum of 12 inches of soil 
placed by workmen with shovel. 
This first soil cover protects the pipe from damage from falling 
rocks and clods of earth when the trench is backfilled by use of 
heavy machinery. Some trenchers are equipped with two blindin~ 
knives, one on each side of the trailing end of the cage. The 
knives cut soil from the trench banks, thus covering or blinding 
the drain tile as the machine moves forward (fig. 4). 
5. Backfilling. Bulldozers are generally used in pushing the ex' 
cavated soil into the trench. In some districts a gently sloping 
mound has been shaped over the backfilled trench to allow for 
settlement of backfill soil and prevent irrigation water from pond, 
ing over the drains. 
Construction problems. Although the method of construction 
appears to be simple, some of the essential steps were discovered only 
after many closed drains had been constructed and operated. As 
maintenance work on the drains revealed faults in the construction 
method, adjustments were made to overcome the deficiencies. Some of 
the construction problems, together with their solutions, are described 
in the following paragraphs. 
1. Wide-spaced joints. The major criticism offered by drainage dis, 
rict supervisors on the quality of construction of closed drains 
concerns the wide openings found, during maintenance work, at 
16Thi term i used to designate the fir t covering of the tile with earth ma' 
terial. It may be done by hand or mechanically. 
Fig. 4. Trenching machine in operation placing gravel around the tile 
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many of the pipe joints. In a large portion of the districts, many 
of the joints have 2, to 5,inch spaces between the ends of the pipes. 
Several reasons are offered to .explain the large joint,openings. 
2. Pipe creeping. District supervisors state that the "drag of the 
tiling machine" on the pipe in unstable soil conditions caused the 
wide joint openings. This drag is explained by the fact that the 
hydro,static pressure in mushy or saturated backfill material has a 
tendency to "float" the pipe toward the trenching machine. Also, 
as the plate in the bottom of the cage moves forward with the 
trencher, it has a tendency to drag the last,laid pipe forward. 
The pressure device previously described with the trenching 
machine was designed to prevent the drain pipes from creeping. 
It appears that only one contracting company used the pressure 
device during the early construction work of Utah drainage 
districts. 
A former supervisor for Millard County District No.3, states 
that the drains in District No.1 were constructed with a trencher 
having a "hydraulic jack" to force the pipe together. During 
maintenance work in subsequent years, the drain pipes were found 
to be firmly built in the drain line. The pipe had to be broken in 
order to remove a length to obtain access to the interior of the 
drain. 
3. Constructing drains in adverse conditions. Drainage supervisors 
state that adverse soil and water conditions made constru~tion 
work difficult. In some areas where the trenching machine cut 
into pockets of water, the water would fill the trench so fast that 
the tile layer had to climb hurriedly up the cage. 
The construction work in various sandy areas had to be 
stopped at noon some days to allow the water to drain from the 
soil. The water often covered the pipe to a depth of two feet. 
Many drainage district supervisors, and maintenance men, 
advise that construction work in various districts was continued 
despite unfavorable conditions which prevented the workmen 
from doing a good job. These former construction workers claim 
that the drain pipe in parts of the drainage system was laid in 
one to two feet of muddy water, after which it was covered with 
soil. The weight of the wet,backfill material has a tendency to 
cause the pipe to creep, thus spreading the joints. It was the pro' 
cedure in two of the Utah County districts to stop construction 
work if the ground water submerged the drain, and to resume 
work only after the water had largely drained away. 
4. Lack of inspection. The writers have found few cases where 
technically,trained, experienced, or qualified inspectors were em' 
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ployed. Most of the inspection work was done by district super ' 
visors. Where inspectors were employed, they were usually 
farmers with no knowledge of drainage system construction . 
S. Joint protection. T ar paper was the major joint 'protecting rna' 
terial used in most of the drainage districts . The extensive use of 
gravel to protect pipe joints appears to h ave started in connection 
with maintenance work after most of the drains had been placed. 
Where drains were repaired, or broken pipes were replaced, it 
became common practice to lay the pipe on a gravel cradle and to 
cover the top of the joint with broken pieces of tile and a layer 
of gravel. 
6. Blinding and backfilling. The construction specifications contain 
provisions which, if followed, should h ave assured satisfactory 
blinding and backfilling. H owever, men who formerly worked on 
the drains said that the importance of blinding and careful back , 
filling was often minimized or disreaarded . 
Open Drains 
Method of construction. The draaline excavator has been used 
to dig open drains in all the drainage districts. Some shallow open 
drains were constructed w.ith plows, ditchers, or scrapers, but generally 
these have been deepened subsequently by the use of the dragline or 
have been replaced by nearby drai ns constructed with the dragline. 
Construction problems. The major problems that h ave been 
encountered in the construction of deep open drains are: 
1. Quicksand conditions. Quicksand is extremely unstable and where 
it is of considerable depth, it h as been difficult or impossible to 
construct drains the desired width and depth . 
In some districts the designed depths of the drainage system 
have been reduced because the open,drain outlets in quicksand 
could not be stabilized at that depth . 
2. Soft land from waterlogging. Where the soil has been soft and 
unstable and could not support equipment, the difficulty has been 
overcome by building a platform on the around ahead of the drag' 
line, using logs, planks, or railroad ties. 
3. Hardpan formations. In several districts, some of the hardpan 
formations encountered were too thick and solid to be dislodged 
by the dragline bucket. Such formations were broken by blast ' 
ing with explosives. 
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Operation and Maintenance of the Drainage Systems-
Methods, Major Problems, and Solutions 
·19 
Factors pertaining to operation and maintenance activities have far 
more bearing on the success of land drainage than any other factors. 
Some drainage districts in which the operation and maintenance pro' 
arams were well planned and executed have attained notable success 
despite the fac t that soil conditions, topography, and vegetation having 
roots detrimental to closed drains, were unfavorable to the operation 
and maintenance of drainaae systems. 
Operation and maintenance activities in Utah drainage districts, 
as a rule, have been either haphazard, poorly'pianned, or entirely 
neglected . Investigation shows that these activities should start soon 
after the system is completed. T o maintain a drainage system, especially 
one containing closed drains, it is easier and less costly to correct de' 
ficiencies as they develop. 
Lack of adequate equipment to operate and maintain the drains 
has been serious in every district. Some leaders have responded to the 
urge to develop better equipment, but their efforts have been individual 
only, and they have approached the problem from many fronts without 
producing equipment having marked improvement. 
Likewise, most of the district leaders have worked independently 
on their problems, without soliciting technical advice from drainage 
engineers. 
The principal aspect of the operation and maintenance of drainage 
ystems concerns the removal of soil and vegetation from the drains. 
These aspects are considered in detail in the sections which follow. 
Maintenance Problems of Closed Drains 
Several types of trees and plants extend their root systems many 
feet to obtain water. Among these are greasewood, willows, poplars, 
and hoary cress. The roots enter the joints of closed drains and con' 
tinue to grow inside the pipe, eventually obstructing the flow of 
drainage water (fig. 5). A partial obstruction may retard the velocity 
of flow sufficiently to allow soil particles to settle in the pipe, thus 
gradually sealing the drain. 
Fig. 5. Poplar-tree root:> re-
moved from a sewer-drain 
pipe near Richfield, Utah 
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Silting of drains. It is practically impossible to construct drains in 
fine sandy soils with joints which will exclude all soil particles from en-
tering the drain with the ground water. The quantity of soil entering 
the drain will De relatively small where a suitable gravel envelope is 
provided for the joints. 
There are large variations in the quantity and velocity of water 
flow in closed drains. The largest flows with the greatest velocities 
occur during or after storms and irrigations. Soil particles entering the 
drains during the periods of high-velocity flow may largely be carried 
in suspension through the system to the outlet, but as the quantity of 
flowing water decreases, the velocity will decrease to a point below 
which the soil particles will settle to the bottom of the pipe where 
they may roll along with the flow of water, and with a further re-
duction in the velocity of flow, come to rest. The soil may become 
sufficiently stable to resist the scouring action of subsequent high 
flows after which more soil may accumulate, thus gradually filling the 
pipe unless the soil is removed periodically. 
Submergence of outlets. . There are several districts having 
closed-drain outlets that are submerged occasionally during the high 
water stage of the channel into which they flow. During submergence, 
the velocity of flow in the drains is decreased, thus causing silting. 
Wash-ins. This term, used by the farmers in some of the drain-
age districts, refers to holes formed in the land where irrigation water 
flows downward through the backfilled trench, washing the soil into 
the closed drain through the joints. W ash-ins have occurred in all 
the drainage districts having closed drains, most frequently during the 
period immediately after construction. The frequency has decreased as 
the backfill material has settled in the trench, thus becoming more 
compact. 
Much of the blame for wash-ins has been attributed to careless 
irrigation methods of farmers. Irrigation water applied excessively and 
allowed to pond over the drains is especially conducive to wash-ins 
(fig. 6). The water seeping through small holes increases thdr size 
and eventually forms large holes in the land (fig. 7) . . 
The damage caused by wash-ins is twofold: the soil from the 
wash-in obstructs the drains, and the holes formed in the land surface 
render that part of the land unproductive until repaired. 
Shifting of drain pipes. In many districts where closed drains 
have been constructed in sandy soil, drain pipes have been frequently 
found shifted from alignment, and in some cases the pipes have been 
found standing vertically on end or shifted horizontally at right angles 
to the drain. Some supervisors think that loose or unmatched joints 
cause this condition. Another explanation is that the drainage water 
Fig. 6 (top, left) Stage in the formation of a 
wash-in observed in a wheat field several days 
after an irrigation period. Fig. 2 (top, right) 
Wash-in 60 feet long and 2 feet wide. Figs. 
8 and 9 (center and bottom) Water pools for 
cattle formed by dogging underlying dosed 
drains 
flowing over a wide or unmatched joint 
cours the soil from under the joint, thu 
allowing it to settle. As the joint settles, 
and the pipe ends separate, the eddies in 
the hole forming under the joint become 
O'reater, thus increasing the couring effect 
of the water. This may continue until the 
flow of water is completely blocked by 
the oil closing in on the joint or by siltin a 
in the lower reaches of the ~rain. 
Man-made obstructions. A s a result 
of the dry years beginning about 1925, the 
water table receded in many drainage dis, 
trict , and farmers believed that need for 
drains no longer existed. In the districts of 
Millard and Sevier Counties, many farmers 
intentionally clogged drains in their lands to raise the ground'water 
table and supplement the limited supply of irrigation water. A fter about 
1937 when the quantity of irrigation water again increased, the need for 
drainage recurred. During subsequent maintenance efforts, many man' 
made obstructions: e.g., straw, oil, burlap, and manure, ' were dis, 
covered in the drains (fig. 8 and 9). In some cases, sections of pipe 
were removed from the drain lines. In some districts the maintenance 
diffi culties cau ed by man,made obstructions and farmers' carelessness 
ha e been nearly a troublesome as the difficulies with greasewood roots. 
Appurtenant Structures for Closed Drains 
Observation' wells. Some of the closed drainage systems include 
ob ervation wells spaced about 1000 to 2000 feet; others have none. 
Ob ervation wells consist of vertical pipes set over openings in the 
top of the drain tile. The purpose of the wells is to permit the drains 
to be inspected conveniently, but, in many instances, they have been 
a detriment to the drainage system where debris has carelessly or 
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purposely been dropped in them. The value of observation wells is 
questionable because of this abuse. Their effectiveness has been 
limited, they have not been maintained, and have been largely de' 
stroyed during farming activities. 
Sandboxes. The purpose of sandboxes is to collect or trap 
sediment in the drainage water, thus preventing soil particles from 
silting and clogging the drains. The bottom of the box has generally 
been built about l' 1 Yz feet below the bottom of the tile line connected 
to the structure. This allows storage space for the settled soil particles. 
Most districts have constructed sand,boxes after the drainage systems 
were completed. Sandboxes are effective in some drainage districts ; 
notably, Corinne, but in many, the structures have been infrequently 
cleaned and have remained filled with silt the greater part of the time. 
Inlets. The inlet structure shown in figure lO has been provided 
in one of the drainage districts to convey surface water of an open 
drain into the closed drain. Debris is screened and thus prevented 
from entering the tile drain. 
Outlet structures. Practically all districts have omitted headwaUs 
from closed, drain outlets. Although some erosion has occurred at many 
outlets where headwalls have been omitted, the outlets have been 
damaged relatively little through the years. 
Relief wells. A relief well is a vertical pipe connecting the drains 
with underlying permeable strata. If the ground water in the perme' 
able strata is under high pressure the relief well conveys the water from 
the strata into the drain. Relief wells should have been constructed in 
several districts where none have yet been installed. 
Canal crossings. I t has been the usual procedure to seal the 
joints of the closed drains under canals with sand-cement mortar. T o 
stabilize drain pipes under irrigation canals many districts have tele-
scoped 8,inch drain pipes through lO,inch pipe at the crossings. Tele' 
scoped drains have also been used in some instances where quicksand 
and other unstable soil conditions have been encountered during the 
construction work. 
Maintenance Methods for Closed Drains 
Re-Iaying drain pipes. Where the drain pipes have settled or 
otherwise moved from alignment, it has been necessa.ry to remove the 
soil from above the drain and 
to realign the pipes. This has 
occurred mainly in sandy soils 
FiQ". 10. Inlet structure which 
connects an open drain with 
a closed drain 
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and in quicksands. The experience gained during maintenance work 
on drains which have been laid in unstable soil emphasiz.es the need 
for a protecting layer of material of gravel, or cinders, around the joint 
or around the entire drain, depending on conditions. Many of th;:' 
districts now use gravel for joint protection in repairing or realigning 
dra·ins. 
Some drains in quicksand in Millard County have been relaid 
several times. In some cases, it has required a 12-inch-thick-gravel 
envelope around the entire length of the affected pipes to make repair 
work permanent.17 
Methods of cleaning closed drains: 
1. Barbed-wire-ball method. This method of cleaning drains and the 
methods to be described later can be used only where the drain 
pipes to be cleaned have remained in reasonable alignment. 
The barbed-wire-ball method requires that holes be excavated 
every 50 to 100 feet to drain level. A length of pipe may be 
removed or a section may be cut from the drain at each hole. A 
heavy wire or cable (figs. 11 , 12 and 13) is then threaded through 
the pipe from one opening to the other with a barbed-wire ball 
attached to the threaded end . The free end is fastened to a horse 
or tractor , and the barbed-wire ball is then pulled through the 
drain , scouring or cutting the roots and removing the silt. This 
method has been . used in most of the districts having closed drains. 
The steel tape, shown in figure 11 , has generally been used 
without the barbed-wire ball to remove roots. It is inserted into 
the accumulation of roots in the pipe and twisted, thus winding 
the roots around it. The roots hang to the cable as it is pulled 
by a horse or tractor from the drain. 
2. Sewer-rod method. V arious types of cleaning heads are used to 
clean a closed drain with this equipment. ;The drain is opened and 
the rod with the cleaning head is inserted for a distance of about 
100 feet by connecting additional sewer rods. This method uses 
the most highly developed equipment that has been used in Utah 
districts to clean closed drains . . 
. ' . Flushing drains with water. In some of the drainage districts, 
drains that have been filled with soil from silting, or from wash-ins, 
17Th e required thickn ess o f the grave l envelope to stabilize closed drains de-
pends o n the thickness of th e quicksand or layer or unstable soil. Where 
quicksand is several feet deep , gravel may sink throu gh to an underlyin g 
stable stratum, and the thickness of the gravel in the base of the envelope 
would be about equal to the distance between the stable stratum and the 
bottom of the drain pipe . Where the layer of quicksand is thicker than 
several inches it would probably be impracticable to construct and maintain 
a small-diameter closed drain. 
Fig. 11 (top, left) Steel tape used for cleaning 
roots from drains. 12. (right) One-inch cable 
used for cleaning drains. 13 (lower) Various 
dev'ces used on sewer rods for cleaning drain 
have been flushed with irrigation water to 
scour out the soil. Where the drain is 
completely filled with soil, a heavy wire or 
a. series of sewer rods must be worked 
through the soil in the pipe, thus forming 
a small channel through which the water 
may flow to start the scouring action. Thi 
method has not been effective where the 
drain has been filled with a heavy clay soil since this type of oil 
is more resistant to the scouring action of water. 
4. Cable-twisting machine. A cable,twisting machine used to facili, 
tate operation and maintenance work on drains is shown in figure 
14. The machine has been provided with two transmissions, one 
geared to propel the machine along the ground, and one geared 
to twist the cable at varying speeds. The equipment has been 
abandoned partly because of the lack of a suitable cable. 
5. Flexible sewer-rod equipment. The cable,twisting machine l and 
appurtenant equipment shown in figures 15 to 17 are manu' 
factured commercially. The machine is similar to that described 
in the preceding paragraph. It has a gasoline engine which is 
geared to a power drive to which a cable with cutting bits or 
brushes may be attached to clean sewers and drain pipes. 
6. Pumps for cleaning sandboxes. The pumping equipment shown 
in figure 18 is used by the Corinne Drainage District to remove silt 
from sandboxes. The centrifugal pump mounted on the back of 
1 M anufactured by the Flexible Sewer,R od Equipment Company, Lo Angele , 
California. The machine hown in the figure wa purcha ed by the D elta 
City Corporation fo r maintenance work on the city ewer sy tern an d on the 
drains of Drainage Di trict No. 4 which are also u ed as sewer by the 
city of Delta. 
Fig. 14 (left) Improvised cable-twisting machine. Fig. 15 (right) Commercial 
cable-twisting machine 
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the modified automobile is used to lower the water level in the 
sandboxes during cleaning operations. A workman breaks the silt 
loose with a shovel and places it near the intake hose of the 
diaphragm pump. This method has proved efficient and enables 
the maintenance crew to clean many more sandboxes per day . 
than could be cleaned by manual labor. 
Maintenance Problems of Open Drains 
The primary maintenance work on open drains is removal of 
vegetation and silt. Five major types of vegetation which necessitate 
frequent removal are cattail , mo s, grass, miscellaneous plants, and 
dried vegetation . Each of these is a major factor in filling the drains 
and obstructing the drainage channel (fig. 19A and B, 20 and 21 ) . 
M any factors cause silt to accumulate in the bottom of the drains, 
thus making them shallower. If the silt is not removed, the bottom of 
the drain may ri e above the top of drain culverts (fig. 22 ) . If the open 
drain serves a an outlet for the flow of drainage water from closed 
drains, the rise in the bottom of the drain submerges the closed,drain 
outlets. The principal factors which have caused silt to accumulate in 
the bottom of the open drains are natural erosion, trampling of drain 
banks by animal, waste water carrying soil into 
drains, and caving banks (figs. 23 an d 24) . 
Maintenance Methods for Open Drains 
The principal maintenance work in open drain, 
pertains to the elimination of vegetation and silt 
which clog the drainage channel. The dragline ex' 
cavator has been extensively used for this purpose. 
Other methods in common use include hand work 
with shovels by maintenance crew , chaining to re' 
move vegetation, and by burning of vegetation. 
Fig. 16 (right) Equipment during cleaning operations on an 
18-inch sewer-drain. Fig. 17 (left) Bit used with flexible 
sewer-rod equipment. Fig. 18 (bottom, right) Centrifugal 
pump mounted on a modified model "A" Ford 
Fig. 19a and b. Open drain 
(center of fig. 19a) com-
pletely filled with cattails. Fig. 
19b shows the drain after 
cleaning. Fig. 20. Pile of 
moss that has been removed 
from the drain. Fig. 21. Tum-
ble-weed accumulation in an 
open drain 
RECLAMA TION OF 
LAND1 !) 
Reclaimed Land 
Crop Production 
In most drainage district 
there was a decrease in crop 
production during the period 
before the construction of 
drains, followed by an in ' 
crease after the system be' 
came operative. M ost of the 
increased production, follow , 
ing the construction of the 
drainage systems, may be at ' 
tributed directly to the re' 
moval of exce s ground 
water. H owever , part may 
be attributed to bett':: r 
land drainage condition re' 
suIting from a reduction in 
the supply and use of irriga, 
tion water, and to better 
farming methods. 
Removal of Alkali Salts 
A waterlogging devel, 
oped, salts accumulated in 
the soil root ' zone and on the 
urface. In some of the di ' 
J!'The use of th e term reclamation 
herein pertain s to m akin g land 
produ ctive for agri cu ltural pur-
poses by supplem enting t he na-
tural drainage with artificial 
drai n s which carry away t he 
exce s g rou nd water, lower the 
water table, and permit exce !' 
soluble salt to be leached from 
t he oil. 
Fig. 22 (upper) Silt in the bottom 
of an open drain near a 24-inch 
culvert. Fig. 23 (lower) Bank 
erosion in an open drain caused 
by waste water 
tricts the visible salt accumulation appeared mainly 
in the lower areas and along the edges of swales. 
H owever , in the larger portion of the districts, a 
considerable accumulation of salt blanketed much 
of the area (see cover picture). 
The e salt accumulations have laraely dis, 
appeared in areas of operatina drains. Some may 
yet be observed in scattered low areas which re' 
receive limited drainage benefits from drainaae 
ystem . 
U nreclaimed Land 
N early all of the drainage districts have ome land 
not yet reclaimed , which may remain unreclaimed 
becau e of low quality oil , or becau e of other 
factors. Four major factors pertaining to unre' 
claimed land are described in the following 
paragraphs. 
Low-lying Land 
In most of the drainage districts there is some lowland that has 
received essentially no benefit from drainage systems. This land 
generally produces natural pasture. Failure to reclaim low,lyina lands 
may be attributed to the limited effective depth of drain in these 
area. The drains extendina through these lower areas, are usually 
open drains built on minimum slopes. The flow is often sluggish , and 
the water in the drains is deep. It is not uncommon for drains 4, or 
5,feet deep to have a 2,foot depth of water flowing in them, thu 
Fig. 24. Type of waste-water inlet 
structure used in various drainage 
districts 
Fig. 25. Open drain where banks 
have caved 
allowing an effective drain depth of only two to three feet. With such 
a small effective depth the radius of influence on the water table i 
limited. 
Also in these low areas the soil is usually fine' textured, and it 
permeabillty low, thus limiting the flow to the drains. 
It appears that a thorough engineering study of the proposed 
drains in low areas should be made in order to predict the depth at 
which water will flow in the drains after they become operative. 
Undulating Land 
In several drainage districts where the drains have been con' 
structed in undulating land, the costs of land leveling have made 
reclamation costs prohibitive and the land has remained uncultivated . 
Land Difficult to Work 
Where land in drainage districts is of such a nature that an 
abnormally high amount of work is required to produce crops, more 
farm"ers are required in the district to keep all of the land in cultiva, 
tion. Several drainage districts containing this type of soil have been 
organized by only a few landowners who were unable to cultivate an 
appreciable portion of the district. Other farmers were reluctant to 
purchase the land for farming, and thus much remained unreclaimed. 
Unproved Land 
The term "unproved land" is used herein to refer to land which, 
for various reasons, has never been cultivated. 20 In several districts, 
drains have been constructed in this type of land for speculative 
reasons, with the intent of selling the land at a profit after drainage 
had been provided. Much of this land has proved heavy in texture 
and in some instances, has contained excess salts. Where these condi, 
tions have existed, the land has been slow to respond to reclamation 
and income from crop production has been insufficient to pay the co t 
of development. 
20The land may have been (a) natural grazing land, (b) land for which water 
rights have been unavailable, (c) undulating land in need of leveling, and 
(d) land having mar he , sloughs: or a high water table owing to natural 
conditions. 
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In the drainage of unproved land, special care should be taken 
to determine the quality of soils and to insure that crop returns will 
be commensurate with the investment. 
Irrigation-Water and Ground-Water Aspects 
and Relationship . 
The need for drainage in Utah and other arid regions is largely a 
direct result of application of excess water to the land by irrigation, 
and of seepage losses from irrigation channels. The excess water that 
is applied must be removed by drains, therefore, the less water applied, 
in excess of the actual crop needs, the less ground water that will have 
to be removed by drains. 
Irrigation-Water Aspects 
Reports from leaders throughout Utah drainage districts indicate 
that seldom were efforts made by farmers to conserve irrigation water 
after the wet cycle commenced about 1905 and throughout the period 
of construction of the drainage systems. Many district leaders think 
that a considerable portion of the drainage problem's could have been 
remedied if all the farmers in the various districts had been frugal and 
efficient in their use of irrigation water. These observations are sup-
ported by the fact that during the dry cycle in the early 1930's the 
irrigation-water supply was greatly reduced, the ground-water table 
receded, and the flow from the drains was greatly decreased. 
In Utah drainage districts the importance of the relationship . 
between the quantity of irrigation water used and the development of 
the need for land drainage has become clearly apparent, but little use 
has been made of this important fact. N o attempts seem to have been 
made by district organizations to obtain data relative to the consump-
tive use of irrigation water, or to have a district-wide program to en-
courage farmers to conserve irrigation water, in order to keep excess 
ground water to a minimum. Some limitations have been placed on the 
quantity of water used in various districts by the adjudication of water 
rights through court decrees and by the low water supplied during the 
years of decreased precipitation. Farm leaders, who have studied 
draInage conditions during these periods when irrigation water has 
been limited, are positive in their opinions that, in areas where a high 
water table is developing, diligent efforts should be made to educate 
farmers to the benefits of voluntary limitation of the use of irrigation 
water, and that drains should be constructed only after it becomes 
apparent that the water table cannot thus be lowered. 
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The quality of irrigation water as a contributing factor to the 
accumulation of soluble salts in the soil is not to be overlooked (2). It 
is not uncommon for irrigation water in some parts of the state to 
carry in solution sufficient salts to inc ease the salt content of the soil 
when used over a period of years. Where irrigation water is high in 
soluble salts, the only practical remedy is to leach out the salts by 
means of adequate drainage systems. This means that sufficient irriga, 
tion water must be applied occasionally to pick up the accumulating 
salts in the soil root'zone and carry them away in drainage channels. 
Ground-Water Aspects 
M easurements of the ground'water table throughout Utah drain' 
age districts were largely discontinued after drainage systems were 
constructed. There are few instances where drainage districts have 
attempted to determine and record each year the fluctuation of the 
ground 'water table. There have been some investigations made by 
agencies of government, but they have have been conducted during 
short periods, and reports of these investigations have not been used 
to any particular advantage by drainage districts (3) . Occasionally a 
farmer or district leader who had been digging post holes or making 
excavations for buildings or other structures, remembered approxi, 
mately how deep the ground'water table was. Likewise, records per' 
taining to outflow of drainage water from the drains are lacking in the 
files of drainage district organizations. In some districts, responsibili, 
ties for operation and maintenance work have been divided among the 
three district supervisors; e.g., one supervisor may have been assigned 
the responsibility for the north third of the district, another super' 
visor the center third, and the other supervisor the south third . T o 
obtain estimates of ground'water conditions and of the conditions of 
drains throughout the district, it has been necessary to contact several 
individuals and to endeavor to weigh their separate estimates. 
RECOMMENDA TIONS AND SUGGESTIONS 
A DEQUATE land drainage is of basic importance to the perpetua, 
.f-\... tion of soil productivity. Utah 's experience in drainage ' of 
irrigated lands, as reported herein, supports the conclusion that effec' 
tive organization for · drainage is necessary. The following recommenda, 
tions and suggestions concerning the essentials of adequate drainage 
organization are presented in the hope that they may lead to satis' 
factory ~olution of Utah's major land drainage problems. 
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Strength and Continuity of Organization 
Comprehensive drainage organization, within the district and on a 
state-wide basis, is essential. Such organization is required to make 
available the accumulating knowledge and experience in drainage and 
to insure its use. Utah drainage districts are organized as independent 
units with no provision for desseminating and applying the lessons 
learned in one district to others. This independence in large measure, 
. has left each district alone, to pioneer the field of' drainage manage-
ment, operation, and maintenance by itself. Most districts have been 
unfamiliar with the development of commercial implements for drain-
age maintenance, relying upon their own crudely improvised devices 
to deal with perplexing problems. 
Three principal types of organization are here suggested as offer-
ing possible means for providing strength and continuity to Utah 
~ainage districts. These are presented without a full discussion of their 
possibilities or limitations; however, number 3 seems to be the most 
promising means of strengthening drainage organization at the present 
time. 
(1) To make provision, through some federal agency, for the investiga-
tions, design, financing, and supervision of construction of drain-
age works for farm lands. Technical assistance and other aids 
available through the Soil Conservation Service to soil conserva-
tion districts and others might be expanded and strengthened to 
provide such service in the field of drainage and to provide guid-
ance in the ~peration and maintenance of such works, or, 
(2) To place Utah drainage districts under an over-all state admin-
istrative engineering office such as the office of the State Engineer, 
through which they may receive the continuous general supervi-
sion of technically-trained, experienced drainage leaders with 
authority to recommend drainage improvements, or, 
(3) To consolidate Utah irrigation companies into umts sufficiently 
large to gtve strength of organization, and to assign to these 
consolidations the responsibilities of spreading drainage costs so 
as to include not only the lands to be directly benefited by drain-
age, but also all lands contributing to drainage needs. Such con-
solidations can be achieved only by united action, and the essential 
authority can be provided either by (a) amending the articles of 
fncoporation of irrigation enterprises to provide authority for 
drainage, or (b) converting consolidated irrigation enterprises into 
irrigation districts with authority also for drainage. 
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In propositions 1 and 2, the drainage district would be retained 
as a farmer agency for cooperation with the federal or state drainage 
agency. In- proposition 3 the drainage district would be dissolved and 
replaced by an irrigation agency with authority for drainage. 
Union of Irrigation and Drainage 
In irrigated areas there is an intimate and far'reaching relationship 
between irrigation and drainage. Irrigation is often the prime cause' 
of drainage needs, and adquate drainage may be essential to con' 
tinued irrigation on the lower -lands, and to efficient and complete use 
of all water supplies. 
Where irrigation companies do ' not engage in drainage activities, 
they pay little attention, if any, to the drainage problems resulting 
from irrigation. Inefficient irrigation of farm lands and excessive canal 
losses in water conveyance, have persisted year after year for a 
century, thus seriously extending and complicating the drainage 
problem. The union of closely related and overlapping irrigation and 
drainage enterprises is not only advisable, but may be a pre' 
requisite to efficient drainage and continued crop production on the 
lower lands. 
T rained Leadership Essential 
The lack of adequate technical leadership has been the main limiting 
factor in the successful operation of Utah drainage districts. The 
drainage of farm land is dependent on the solution of many technical 
problems of engineering, soil and water relations, and finance . Techni, 
cally,trained men are required to deal adequately with these problems. 
In the case of most districts an engineer was employed to design and 
supervise construction of the drains, but once drains were installed, 
o the engineer was paid off and the district supervisors assumed the re' 
sponsibility for operation and maintenance of the drains. Inadequate 
maintenance was the immediate result and also the cause of many 
drainage failures. It is recommended therefore that adequately trained 
leadership be provided to supervise design, construction, maintenance, 
and operation of drainage works as well as to guide' the institutional 
and financial operations with skill. Without such leadership there can 
be no assurance of drainage success. 
Adequate Financing .Required 
The financial failure of a drainage district is not only a matter of vital 
concern to the debtor and credItor, its relation to land drainage and . 
to public welfare is intimate and far'reaching. 
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To safeguard the interests of debtor, creditor, and the public, it is 
imperative that a dependable revenue system be developed and kept in 
operation. Where drainage is provided by an irrigation enterprise, 
the pledging of water stock is a strong guarantee for the payment of 
taxes. In the drainage district, authority to tax land values has proved 
sufficient to serve the revenue needs if all other elements of the pro' 
gram are sound. These essential elements include : (1) inherent .good 
quality of the soils ; (2) installation of an adequate drainage system; 
(3) economical capital financing ; and (4) technically trained leadership 
•• on the job" to insure the effective functioning of the revenue system 
and the efficient operation and maintenance of the drainage system. 
T o make the revenue system more just, the responsibility of lands 
contributing to the need for drainage should be recognized, and pro' 
'vision made in the law for such lands to carry their just portion of 
the drainage costs. Lands are now taxed on the basis of their assessed 
benefits. It seems evident that drainage organizations should be ex' 
tended to include all lands of a unit area in need of drainage, and also 
the lands contributing to that need ; and that taxation be applied both 
on the basis of benefits and on the basis of contributing cause. 
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APPENDIX 
Certified county assessment roll of proposed Cache County drainage district No. 3 
for the year 1920 
Acre' Assessed benefits 
Name of owner Description of parcel age per acre total 
acres dollars dollars 
SECTIO N 25, Twp . 14 N. , R . 1 W. 
Hazen Spackman W% E% NE~ 40 83 3,325 
Rulon Spackman E% E% NE~ 40 83 3,325 
SECTION 24, Twp. 14 N ., R. 1 W. 
Gertrude McKnight E pt. E pt. SE ~ 10 125 1,250 
T homas Spackman E pt. E% SE ~ 36 94 3,370 
Ether Spackman W pt. E% SE ~ 34 98 3,340 
William Spackman E pt. W% SE ~ 40 120 4,800 
c/o Henry Spackman 
Unknown owner W% W% SE ~ 40 140 5,600 
William E. Rigby SE ~ NE ~ 40 82 3,280 
Eldorus B. Glover Pt. S% NE~ NE~ 10 83 825 
Ephraim I. Blair Pt. N% E% NE~ NE~ 5 129 645 
William F. Glover Pt. W% NE% NE~ 5 161 805 
William F. Glover Pt. W% NE~ NE~ 9 183 1,650 
M. R. Hodges Pt. W % NE~ NE~ 1 225 225 
SECTION 13, Twp. 14 N. , R. 1 W . 
William A. Boman Pt. E% NE~ 17.37 77 1,335 
Amasa Hodges Pt. E% NE~ 5 225 1,125 
Edward Kemp NE~ NW~ 40 79 3,165 
SECTION 12, Twp . 14 N., R . 1 W . 
Daniel D. Buttars S% SE ~ 78 137 10,650 
SECTION 19, Twp . 14 N., R . 1 E. 
Martha L. W . Merrill W% NE %, 80 70 5,610 
Arthur J . Dent E% NE~ 38 57 2,165 
Arthur J. Dent E% NE~ 17 63 1,065 
Arthur J . Dent E% NE %, 20 56 1,110 
SECTION 20, Twp . 14 N ., R . 1 E. 
Andrew W . Hyer W pt. NW~ 56 66 3,695 
Ira Hyer Central pt. NW ~ 42 94 3,965 
Ora Hyer W. pt. E% NW~ 34 102 3,460 
Orson U. Hyer E. pt. E% NW 14 28 119 3,325 
Mead Hyer N. pt. N % NE~ 23 140 3,210 
John C. Hyer S% Nlh NE~ 40 159 6,3 75 
John C. Hyer S pt. N% Nlh NE~ 17 163 2,770 
Brigham Hyer Pt. NW~ SW %, 15 99 1,485 
Joseph H. Lewis Pt. NW~ SW %, 25 92 2,300 
